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NOTES BY THE EDITOR 

OH THE 

PBOGBESS OF SCIENCE FOB THE YEAB 1862. 



No meeting of the American Association for the Pr<«iotion of 
Science took place during the past year, and the old organization 
of this body may probably be regarded as defunct. 

The thirty-second annual meeting of the British Association for 
the Advancement of Science was held at Cambridge, October, 1862, 
Prof. Willis, of Cambridge, being in the chair. The meedng was 
less interesting, and far less numerously attended, than most of the 
former sessions of this body ; and some of the discussions were in a 
measure acrimonious and personal. The annual address of the IVes- 
ident, moreover, contained nothing particularly interesting to the 
general reader. The meeting for 1863 was appointed to be held at 
Newcastle-on-Tjme ; Sir William Armstrong, of Armstrong gun no- 
toriety, being elected President for the year. 

A most ludicrous illustration of misapplied and mistaken zeal in 
the pursuit of science, which occurred at this meeting, is worthy of 
notice. A Bev. Dr. Infill read a very long paper, displaying extraor- 
dinary learning in Hebrew, Greek, and almost every language that 
could be brought in. The subject of it was an inscribed stone, fi)an(^ 
in Aberdeenshire, a county containing many of what are commonly 
called Druidical monuments. Dr. Mill read the inscription back- 
wards, decided that the letters were Phoenician, and explained them 
by the corresponding letters of the Hebrew alphabet. According to 
his interpretation, it was a votive monument dedicated to Eshmiin, 
god of health (the T>'rian Esculapius), in gratitude for favors re- 
ceived during the " wandering exile of me thy servant," — the dedi- 
icator being ** Han-Thanit-Zenaniah, magistrate, who is saturated 
with sorrow/' Dr. Mill very learnedly discussed the question whether 
Ilan-Tbanit-Zenaniah had suffered from disease or shipwreck, and 
wheth^f his sorrow bad been caused by iVie \q«&q!1 <y«ak\iM v\ww K^r 
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IHwi^ tft r«l«tkmi. Ha dlfcofted, alio, the peculiarity tf the word 
MWl hi the •{((filflcatioD of magistrate, and. pointed out that he 
•ypeaf #4 Ui hate been a man of consnlar dignity, who had com- 
WmtMi a •htp err fleet which came to Britain, and that this and othor 
ilf<mi»i<Uiw< polnud to the earlier period of the hirtoiy xif TVre. 

Ai the /imilti«Uin <if the reading of the paper, another member, 
llf. Wf1|fht| aroM), and in a few words showed that the monument 
fTM «*|fffl#ibral ; that the inscription was not in Phoenician, bat in 
mM^4tmmA Roman characteri, and that its antiquity was «r« 
^t^A mikSfm\\\»n% to what is usually termed the withdrawal of the 
N^Mvaiiff fWiin Hrltaln. He then read the inscription, which showed 
IInM SSm sUifin simply marked the burial place of some person named 
(Pmelanllnii, and recorded his own name and that of his father. 

Mr* WtUiam Fairbaim, the eminent engineer, who presided of«r 
Ihn Mii^m dt Mechanical Science, thus expressed himself, in aa 
#^eit<fif address, on the importance of making instruction in the 
ihdMf y ef fleam and its applications an essential part of all general 
glai w e n tofy education : — 

^ The general principles of the steam engine and the locomotiye aie, 
hswurer, easily acquired, and in this age of steam it should, in my 
ipfiiiofi, form a separate branch of education for the benefit of both 
itMS, to whom it would be highly advantageous. It is a branch of 
knowledge of deep importance to the present and rising generation ; 
mA as fleam and its application to the varied purposes of civilized 
Itfs becomes every day more apparent, a knowledge of its powers 
mA properties is much wanted, and ought not to be neglected. I am 
the more desirous that instruction of this kind should be imparted to 
ikut rising generation in our public schools, as it would lead to practical 
aoqnaintance with instruments and machines in daily use, and would 
Aniliarize the more intelligent classes with objects on which at the 
l^resent day we almost exclusively depend for the comforts and enjoy- 
Bients of life. I do not mean that we should make scholars engi- 
neers ; but they ought to be taught the general principles of the arts 
in order to appreciate their value, and to apply them to the useful 
purposes by which we are surrounded." 

In this connection we would also call attention to certain educa^ 
tional views expressed by Sir John Packington, a well-known British 
ftatesman, in an address recently made before the citizens of Bir- 
mingham, on the opening of a new industrial school. The speaker 
nrs^ the importance of making the study of physiology a branch of 
entary education, as fdlows: " The study of phyridogy and the 
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Iftwi of health are now attracting to an uqubusJ extent the attentioit 
both of the public and of the British Govamment. The classified 
records of deaths and their causes, which have of latfi years been 
kept by the Registrar- General, led to the discoTery that the rate of 
mortality varieil greatly in different localities, so much so that tlie 
deaths in some places exceeded by ten, twenty, thirty, and eTen forty 
per cent, the number in others, and it wlli found, on investigation, 
that the causes of such excess were easily removable by the apptick- 
tion of obvious and natural means. A sanitary commission was theie- 
Ibre appointed to consider the applicalioo of these means, which con- 
. mt of draining, ventilation, warmth, habits of cleanliness, and (eio- 
perance, and so forth ; and year after year the reports of this commit 
■ion repeated that the application of such means was obstructed and 
all efforts rendered nugatory by the prevalent ignorance among 
all classes of the natnral conditions of health, — an ignorance which 
prevented the advant^cs of sanitary measures from being either 
naderstood or appreciated. The Government was, therefore, ad- 
vised to introduce physiology into the common schools of the country, 
and a remarkable paper was drawn up and signed by sixty-five of the 
leading physicians and sui^eons of London, including the principal 
teachers of anatomy and physiology, la which are the following 
word*: ' We are therefore of opinion that it wonld greatly tend to 
prevent sickness, and to promote soundness of body and mind, were 
tbe elements of physiology in its application to the preservation of 
health made a part of general education.' And here 1 may refer to 
the example of America. In no Statu has the educational system 
been more carefully or successfully matured than in Massachutetta, 
and amoi^ the general laws of public instrucljon passed by the Legis- 
lature of that State is an 'Act requiring physiology to be taaght in 
the public schools.' The Committee of Council on Education ii^ 
Great Britian have cooperated with lie Board of Trade in the 
endeavor to introduce physiology into our schools, and a system of 
inMroction has been devised, which has been described by high 
Mttborily a« * sound and scientific in its basis and characler, although 
limited in extent and popular in expression.' Now if a better knowl- 
edge of tbe laws of health is desirable for all classes, surely it is most 
desirable for those who are engaged in manufactures and occupations 
lAkh arc too likely lo affect health injuriously. If health is cssen- 
> the happiness and enjoyment of all men, bow much is tbe 
e of that blessing increased in the case of the man 
Mifl> only for enjoymonl and W<g^at«(&^\r^^K4^ 
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tenance and lodging and clothing of lumself and his fionilj, npon tlie 
actiye and constant exercise of his bodilj powers." 

Among the grants of monej made at the last meeting of the Brit- 
ish Association was one of $500 to Mr. Robert Mallet, in aid of what 
may be called Tolcanic experiments. Mr. Mallet has recently made 
poblic, in two portly illustrated octavos, a report on the last great 
earthquake in the Neapolitan territory, and on seismology in general ; 
and, by way of supplementing those researches, he proposes to de- 
scend into the crater of Vesuvius, and ascertain by instrumental 
means the temperature of the active vents, and the quantity of 
aqueous vapor thrown out From the quantity of vapor it will be 
possible to infer the quantity of water which has infiltrated down to 
* the focus of the volcanic action, and from this and other data conclu* 
sions may be drawn of great importance to physical science. 

The great work which has been progressing for four years past, 
under the direction and at the expense of the Royal Society (G. B.), 
namely, the cataloguing of the titles of all the papers and reports 
published in " The Transactions and Proceedings of Scientific Socie- 
tSeSf" and in scientific periodicals from all parts of the civilized 
world, from 1800 to 1860, inclusive, is so nearly complete that it will 
probably be finished during the year 1863. The work is at present 
in manuscript, and sixty-two volumes are already accessible for refer- 
ence in the Society's library. • The titles are copied in quadruplicate, 
"^fhen complete, the enterprise will be as meritorious to the Royal So- 
ciety as it will be useful to all engaged in scientific pursuits. Many 
ft student wastes time and labor through ignorance of what has been 
already achieved in the several departments of science ; and none but 
those who have endeavored to explore the accumulated mass of sci- 
entific periodicals can judge of the weariness and hopelessness of 
the search. For the sake of all concerned we hope that the Royal 
goeiety will not remit their efforts until their great catalogue shall 
be printed and published at a reasonable price. 

An important addition to astronomical literature has -been made 
during the past year, in'the publication of a very full and detailed 
"Account of the Great Comet of 1858," by Prof. G. P. Bond; the 
whole forming Vol. iv. of the Annab of the Observatory of Harvard 
O^ege. The work — a large quarto —contains fifty-one engrav- 
ings, many of large size, in which the comet is represented under 
every aspect during the whole period of its visibility, — two hundred 
and seventy-five days. In twenty-two of these the comet is shown as 
it Appeared to the naked eye, and in twenty others as observed by 
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tlie telescope, the effect being assisted by the tinted paper on whieh 
the engravings are printed. Mr. Bond has, moreover, taken into his 
narrative the results obtained by other observers in all parts of the 
world, and has thus produced the most complete history of Donati'a 
Comet that has yet been written, and, we may say, the most attrac- 
tive. 

The publication of a splendid work, in large folio, entitled ** The 
Satellite," has been commenced in London, by Dr. A. D'Orsan ; the 
chief feature of which is the photographic delineation of the moon. 
The whole is to be finished in twelve parts. The following are ex- 
tracts from the preface : " Detail being my principal object, large 
photographs of various separate spots are jgiven, in addition to those 
which, taken at different periods of lunation, contain at once many 
spots and regions, and represent them under different aspects. From 
the guidance and instruction these afford, together with the &ct of 
their presenting one and the same spot under various d^^-ees of ilia* 
mination, and consequently diverse appearances, elaborate drawings, 
founded on many years' observations, will be given, exhibiting ap- 
proximately the real outline of each respective spot . . Those photo- 
graphs of the various lunar parts that have been taken at one and 
the same period of lunation are also joined together, and thus cor- 
rect <nape are given of the several phases. • . The photographs are 
all on a scale never before executed, •— probably never before at- 
tempted." 

School maps, as commonly printed, have either so many black lines 
as to be scarcely legible, or so few as to afford but scanty information 
t6 the student. Nor need one wonder at this defect. The text which 
ft map should 3rield is so various, — first, as to the visible nature, «-> 
the shape of country, the hills and valleys, the lakes and rivers, the 
woods and plains; next, as to the visible work of man, — the cities 
and towns, the castles and fortresses, the ports and harbors, the roads 
and railways and canals, the mines and quarries and sea-works ; then 
the political facts, such as the division into states, counties, and 
towns, — that it is found impossible to indicate all these facts, without 
crowding, on a single sheet. To obviate these difficulties, Messrs. 
Longman & Co., the well-known London publishers, have recently 
brought out maps on England and Wales on a new plan ; t. e., that 
of treating each group of facts on a separate sheet. It is claimed that 
in this way, and in this only, the great end of clearness is attainf 

The most important event in the scientific and ini^ 
the past year was undoubtedly the Qreat^ 
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Uie Industry of all ll^tions, which cofotiiiiied open in London frooi 
May to November inclosive, and of the leading characteristieB of 
which Tery fbll notices have been given elsewhere in the present toI- 
nme. M. Michel Cheralier, the distinguished French political eeoii* 
omist, in a preface to the ^ French Jurors' Report," considers that 
this and other similar international exhibitions exercise their greatest 
influence for good hj the opportunity they afford to nations of taking 
reckonings of their industrial progress ; and, fVom a c<nnparison of 
the results shown in the Exhibition of 1862 with those of the French 
International Exhibition of 1855, and the London one of 1851, he 
concludes the producing powers of mankind, or, in other words, tike 
amount of work that one man can perform in a given time, is contin* 
nally on the increase. This result he attributes to nnproyements in 
and to the more extended use of machinery, driven by water and 
steam power ; and he gives some interesting illustrations confirmatory 
of his conclusion. Thus, in the manufacture of iron, M. Chevalier 
finds that the productive power of man has increased in six cen- 
tories to so great an extent that a man can now produce six hun- 
dred tons of iron in the same time as was required to produce one 
ton six hundred years ago. Again, in the production of cotton 
yam, dating from 1769, when Arkwright took out his first patent, one 
man can now spin 400 times more yam than the best spinner of that 
period. In grinding grain and making flour one man can do 150 
times more work than he could perform one century ago ; and in the 
manufiictnre of lace one woman can produce as much work in a day 
as one hundred women could execute a hundred years ago. In the 
refining of sugar, the whole of the operations last only as many days 
as it required months about thirty years nnce. The manufacture of 
looking-glasses with an amalgam of mercury and tin once occupied 
six weeks in fixing the amalgam on a large glass ; the present pn>- 
oesB occupies only forty minutes. The engines of a first-class iron- 
clad frigate perform as much work in twenty-four hours as 42,000 
liofses. 

The recent progress made in the working of iron and steel, as 
shown in the recent International Exhilntions, is so wonderful as 
also to deserve notice. In the London Exhibition of 1851, the largest 
of rolled iron exhibited was a round bar or roll, weighing a ton 
a half; and this was regarded as something extraordinary and 
deserving of special mention. At the Exhibition of 1862, rdled-iron 
■mop^plates were shown, exceeding thirteen tons in weight. In the 
Sifalbitionof 1851, M. Kmpp, the celebrated steel manufacturer of 
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Germany, exliibiled a small steel cannon aa ihe most notable actuera- 
monC hitherto elTecteU in this branch of raetallur^. Four yean 
aubsequeotly. in 185S. M. Krupp aent to the Paris Exliibltion a steel 
if^got tliat weighed live and onu-half tons ; while to the one held last 
Mbv in London be eent a crank axle that weighed no less than 
lireaty tons. 

, Some extracts gleaned from a recent report by Mr. Fdrbairn, Iho 
eminent Engliib engineer, on the steam "Machinery of the London 
Exhibition of 186a," will also bo (bund interesting in this eonnecliun. 
Mr. Fwrbairn slates "that.in 1859 the steam engines employed in 
the various factories, steamships, and locomotives of iireat Britain 
amounted to 10,9S0,CK)0 horse power, but that at the present time 
this sum bos increased to 12,000,000 horse power, and this may be 
taken as the steam motive forue in the British Islands." 

Mr. Fairbaim further goes on to say, '■ that nearly all engines at 
the present time work the steam expansively; tliat is to say, they are 
so arranged in tbe construction of the valve motions as to cut oH the 
communication with the bmler at one-third, onc-hali^ or two-thirds of 
the stroke, as the case may be, in regard to pressure, or the power to 
orercomt' the rcaatance of the load. Some engineora go so far as to 
out oB* the steam at one^ixth and one-olghth, and expand the re- 
maining five-sixths or seven.eighths of tlie nroke. Formerly the 
principle. of expansive working was very imperfectly developed ; but 
that system is now thoroughly understood, aud is In almost every ca*e 
Tbe result of its introduction has been an immense 
lomy ; for the quantity of work now done wit b the same qu&n- 
of fuel is more than douMo what was lormerly accomplished 
the old Doo-expansive principle. It must, however, be borne in 
mind that this cannot be effected without an increase of the pressure 
of steam, and hence follows the necessity of having the boilen of in- 
creased strength and improved construction. Tbe neglect of these 
precautions has resulted in serioua and fatal acciUcnla, attended with 
a coo^derablc loss of life and property. Irrespective of increased 
pressure, and working the steam expansively, the speed of the engine 
been increased about one-third since the days of Walt. In his 

the piston of the stationary en^ne travelled at tbe rate of two 
idrad and forty feet per minute ; now it averages from 300 to 310 

and this, combined with high-pressure steam worked cxpaosivoly, 
the power of the cn^ne, in some ca^es, upnanls of two-fold, 

a* alnmdy stated, doubles the quantity of wuA: done with the 

quantity of fuel. Tbu« aa impuEUukX. bvnai^'ta ^Kk^iIuA '^^^^J 
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and every other coantry where steam ia employed as an agent of 
power and motive force. 

" We may farther observe," continues Mr. F., " that we are far 
from arriving at that point of economy in the use of steam which an 
increased pressure and a still greater expansion is calculate to attain. 
It is true that the danger of explosion may be increased, and so it 
would be with our present means ; but in our locomotive engines we 
already work steam at 200 pounds pressure on the square inch with 
greater safety than is done in our stationary engines at a reduced pres- 
sure ; it is, therefore, evident that we are behind in this department, 
and a wide field is still open for improvement. It is not our province 
to point out how this can bp accomplished, but we may safely affirm 
that the improvements already attained are only the precursors of 
others of much greater importance in the economy and use of steaoL" 

The interruption of the accustomed supply of cotton during the 
last two years has awakened renewed attention throughout the civil- 
ized world to the subject of procuring new or substitute fibres for 
cotton, and many fresh projects have been started and old ones re- 
vived. Thus far, however, little or no success has attended these 
efibrts, and it is a noticeable fact that the " trade " everywhere do 
not believe in them. Still, there are many who, after living to see 
the inventions of the last thirty years, have vague impressions that 
something may come of the many attempts made to find a substitute 
for the cotton fibre. Some are even sanguine of such a result. 
" Fabrics may be produced," they say, " which are not identical with 
cotton, but which it is not improbable may be cheap enough, and of 
good quality enough, to enter into competition with cotton goods." 
We propose briefly to discuss this important subject, and to indicate 
to our readers the present state of our knowledge concerning it. 

New Fibres Proposed. — During the past year considerable atten- 
tion has been given in Great Britain to a proposal to extract a fibre 
fVom an abundant marine plant, known as the " Zostera marina" or 
" grass-wrack." The plant takes its name from the Greek word zos- 
ter, signifying a ribbon, from the shape of the leaves, which resemble 
a long, narrow tape, and often reach a length of from three to four 
feet In the British Islands it is used as a common material for pack- 
ing, and by poor persons for stuffing beds and cushions. It has also 
been included in several patents for paper-making. Fibres extracted 
from it were exhibited at the last meeting of the British Association, 
and iheir value advocated ; but the general opinion seemed to be that 
tlwy could not be produced in any quantity, and were too weak and 
^o allow of any extensive practical application. 
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Fibre from Com or Maize leaves and Husks. — Considerable at- 
tention' has recently been given in Austria to the extraction of a 
fibre from the leaves and husks of the maize, or com plant, and speci- 
mens of paper and cloth have been distributed throughout the 
United States hj the Patent Office, with an explanatory pamphlet, 
showing what can be produced from the above material. The cloth, 
or woven fibre thus made, is simplv a curiosity, and of not the slight- 
est practical value ; but the paper has merit. This last achievement, 
however, is nothing new, as the practicability of making good paper 
from the leaves and husks of the Indian com was demonstrated in 
the United States more than a quarter of a century ago. But the 
difficulty of inaking com leaves and many other similar kinds of 
fibre-3rieldlng substances practically available for paper-stock is, first, 
that the percentage of fibre contained in them is comparatively small ; 
and, second, that the labor required to collect and prepare them can 
be more profitably given to other departments of business. 

Straw. — For many years the attempt has been made to render the 
fibre contiuned in straw profitably available for the production of 
white paper, but with indifferent success, until within the last year, 
when the problem has been solved beyond a doubt. This realization 
of the desired end is effected by boiling the straw in an alkaline lye, 
in a rotary boiler, under a steam pressure of from one hundred to one 
hundred and forty pounds per square inch. Under such a pressure 
and temperature, the silica and other constituents of the straw, which 
render its fibre brittle and difficult to bleach, entirely give way, and 
separate to such an extent that they can be almost entirely removed by 
simple washing, leaving its fibre sofl and in a condition to bleach most 
readily and economically. We regard this discovery as one of the 
most important made during the present century, and as certain to 
reduce ultimately the price of paper to a lower rate than has hereto- 
fore prevailed. 

Jute. — The cheapness and abundance of this fibre has of late 
jrears attracted much attention, and its employment in the manufac- 
ture of textile products, especially in Great Britain, has largely in- 
creased. At the Great (London) Exhibition, as has been elsewhere 
noticed, Brussels carpets and rugs were exhibited, of great beauty 
and soilness, which were manufactured almost entirely of this fibre. 
It is also used to form the warps of cheap broadcloths, and to some 
extent for mixing with silk, for which last purpose the lustre of jute 
it a great advantage. The chief seat of the manufacture of jr 
fins goods is Dundee, in Scotland, and the quantity ^'<c^a(^'*aafeS&s$ tsi 
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ibere ib said to exceed 40,0(K) tons. 'As the source of tmppij of jute, 
Tiz., India, is said to be inexhaustible, eveiy new nse that iC^can be 
pnt to positiyely increases the world's textile resources. 

Flax and Flax Cotton. — Flax, for the last few years, has been an 
aaomaly in political economy, and an exception to the generally-re- 
oeiTed laws of supply and demand. Notwithstanding a continually 
angmenting price, and the efforts of governments, societies, and pub- 
lic-spirited individuals to stimulate its cultivation by premiums, the 
European production of flax (and we think we may also say the 
American) remains stationary, if it does not decrease. The reasons 
fer this state of things are probably these : — 

First; Flax is a troublesome and vexations crop to raise. The 
time which elapses between the sowing of the seed and the sale of the 
product — if that product be fibre — is longer than is required for any 
other crop. The plant cannot be made to yield profitably both seed 
and fibre. If the seed is allowed to ripen, the fibre becomes impaired. 
If the fibre is the main object to be attended to, the crop must be 
gathered before the seed is matured. Europe sows her flax fields to- 
day, to a great degree, with American seed, obtained firom plants 
which 3rielded little or no fibre. Flax is to the soil one of the most 
exhausting crops that can be cultivated. If fibre of fine quality and 
high price is desired, the crop must be carefully weeded and thinned 
oat by hand labor, — a work tedious, and in Aknerica expensive. 

Secondly ; Although the demand for flax is great and constant, it is 
not a demand for the raw, agricultural product, t. «., the stalk, hot 
to a manufactured material, i. e., the dressed fibre. Thus the &rmer 
who raises, must, to sell, become to a certain extent a manufacturer. 
The first operation in this manufacturing process, that of ** retting,** 
or ** rotting," is objectionable. It is a process of slow vegetable decom- 
position ; unhealthy, and tending to produce malaria, especially where 
the result is effected by steeping the flax in poob or ponds of water. 
But some may say that these old processes have been obviated by 
new methods involving the use of steam, hot water, or chemical 
agents. This is a mistake. We state, on the authority of one of the 
leading scientific journals of Great Britain, that all the recent Euro- 
pean experimentation on the subject has resulted in failure, and that 
there is everywhere a general return to the old process of ** dew "and 
•* water retting." 

Bat the retting, however conducted, still leaves a sufficient quan- 
ti^ of gum in the straw to render the removal of the woody part, or 
IsoNi withoot injury to the fibre, a rather difficult proceas. No me- 
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clianical invontiDn has jei been devisei] to cSect this result, without 
ocrcoiioiiiDg great wnsto of fibre. Machines norking econoinickll}'' 
aad rapiUly, as compared with the old baud-break and " akuUh," or 
"swiDgIc," haio be«a invented in great number and variety; but no 
one of them has come into general, or even »Mtt«n«ve use. The 
niain reason of this probably is, that the machines are too expensive 
for individual B^culturists, who make flax-culture but one of a 
divcrsiij- of employments ; wid in this country flax is cultivated too 
sparwlj to oflbrd much cnconragemeut to individuals to make its 
clesnainp: by power machinery a specialty. 

in 18S0, Chevalier Clausaen brought prominently before the British 
public the project of mechanically breaking up the long fibres of flax 
into short fibres resembling cotton in their length ; of preparing tbcm 
for spinning by the use of cotton-carding machinery, in the place of 
the more imperfect " heckle," and of subsequently spinning tliem on 
collon machinery, in place of employing the slower and more difficult 
to man^e flax machinery. The objects sought thereby to be at- 
tained were an economy of time and labor iu splnniug'flax, and of 
making the inferior part of the fibre, denominated " low," equally 
serviceable and valuable as the longer and straightened fibres. The 
project seemed feasible, and Britiuh manufacturers embarked in it 
with great zeal and energy; but, after expending lar^ sums of 
money in experimeutation, the scheme was entirely abandoned. In 
the United States, the flax-cotton scheme from the first found many 
suppoTlets, and iu various parts of the country eSbrU were made 
to produce and manufacture it. In Now England, the project was 
taken up under the auspices of one of her largest manu&cturing 
companies, and on extensive series of experiments were conducted 
by the best mechanical and chemical talent available. The conclu> 
iion arrived at was substantially the same as that of the British mon- 
ufacturCTTs above referred to, w'u., that the scheme, although prnctica- 
ble, was not profitable. The same conclusion was arrived at by other 
parties in the United States, who at that time tested the plan on a 
niore limited aeide, and we think we are warranted in saying that 
c of the American experinienlers attained a measure of suc- 
ullioiont to warrant their coutiuuancu in the businetu. We 
r, at least, that no one of the many premiums offered by mechan- 
1 and agricultural societies in this country for IJie production 
t fl&i-volton of good quality, in cowidi-rablc quantity, has ever 
claimed or awarded. Yet, notwithstanding these results, the 
oibility of manufacluriDg flax-cotton is i 
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and at tbe last session of Congress (1863), a bill was introduced, ap- 
propriating $25,000 to aid in the discovery of a method whereby flax- 
cotton could be spun on cotton machinery, — an achievement which 
was successfully effected more than ten years since, both in England 
and in this country. 

The reasons which- render the flax-cotton scheme economically im- 
practicable may be briefly stated as follows : There are no inherent 
difficulties — mechanical or chemical — in " cottonizing " flax, or in 
subsequently carding and spinning the product on cotton machinery. 
It b impossible, however, to impart to flax a definite and uniform 
staple, in consequence of which it is diflicult to spin from flax-cotton, 
on cotton machinery, a thread at all comparable with cotton in fineness, 
evenness, or strength. The product, therefore, is necessarily a coarse, 
inferior article, possessing neither the qualities of cotton or linen. 
But, furthermore, the whole scheme of flax-cotton, especially in this 
country, rests upon a supposition that there is a great amount of flax 
fibre which cannot be profitably worked up by any other method. 
This is an* error. In Europe, where the legitimate flax machinery 
has been carried to a high degree of perfection, every part of the 
tow, or refuse fibre, is now made available for the production of the 
coarser linens, and these goods will always command better prices 
than an}'thing which can be made out of the same raw material by 
cottonizing it. When the world is prepared to use gold in the place 
of silver, on the ground of economy, flax-cotton may prove a success. 
What is now needed in the United States is a stimulant to the more 
extensive growth of flax, and the discovery of cheap, effectual, 
and expeditious methods of extracting and dressing the fibre. 
America does not at the present time raise flax enough to supply the 
demand of her manufactories of shoe-thread and twine, and Euro- 
pean manufacturers find difllculty in obtaining flax sufficient to sup- 
ply the demand for legitimate linen fabrics. Until this end is attained 
to, it is idle to talk of diverting a material, of which the supply is 
limited, into new channels of industry. What is now needed is not 
further encouragement to experiments on flax-cotton, but the dissem- 
ination of correct information of what has been accomplished, and 
the results of European and American experience. Until this is done, 
our inventors and manufacturers work in the dark, and essay over 
and over again processes which others have previously tested. 

Sewage. — The subject of the utilization of the sewage of large 
cities has, it is well known, been one of great interest with agricul- 
turists and social economists for some years past. During the session 
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of the British Parliament in 1862, the House of Commons appdnted 
a select committee to consider and report on the subject. This com- 
mittee, ably constituted, and assisted by the best scientific counsel, 
have, afler six months' investigation, recently reported *' that they 
have been unable to arrive at any definite or satisfactory opinion re- 
specting the matter entrusted to them." 

Specialties of Recent Scientijic Progress. — In the departments of 
Mechanics, Phyacs, and Chemistry, while there has been continuous 
and important progress, no achievement has been made during the 
past year worthy of special notice. As regards projectiles and armor- 
plates, continudi experimentation and actual war service have, as yet, 
led to no universally-accepted conclusions. The problem of photo- 
graphing in natural colors seems fast approaching a solution, and 
awaits but the discovery of a method to render the colors permanent, 
to be, even now, a success. The spectroscope, with varied improve- 
ments, has already become a familiar instrument with chemists, and 
during the past year has given us some most interesting and positive 
additions to our Icnowledgc of the fixed stars; so that it is not too 
much to expect that soon these almost inconceivably remote bodies 
may severally be made to describe, in the rays of light they flash to us, 
the nature of their elementary structure, and their chemical relations 
to the world wo inhabit 

Liquid Diffusion, — Some important practical applications have also 
been made of Dr. Graham's researches on '* Liquid Diffusion," and the 
Council of the Royal Society, England, in awarding to him the Cope- 
Icy Medal for 1862, intimate that since Davy startled the scientific 
world by his discovery of the metallic bases, no scientific researches 
have been published which are so pregnant with important results. 

Astronomy, — The record of the progress of Astronomical Science, 
during the past year, is a brilliant one, and includes the discovery of 
four new asteroids, four new comets, and a companion or satellite to 
Sirius. The number of stars known to be variable in brightness has 
also been increased, and one such star has been found among those 
visible to the naked eye. More interesting still is the discovery of the 
existence of variable nebulae, — phenomena which seem even more 
unaccountable than that of the variable stars. The regular periodical 
return of Enckc's Comet also took place in the beginning of the ycir 
1862, and when first observed varied only about a minute and a half 
from its predicted or theoretical place, — a quantity equal to about one- 
twentieth of the apparent diameter of the sun, — and this when it had 
not been visible for three years. Our T«aji<€n ^«a. yoSkc ^sssca.'^^^ 
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fltatement how exact a knowledge of the moyements of cometaij 
bodies has been attained to, through the accepted thecny of gravita- 
tion. 

Another important event of the year is the publication of another 
part of the '' Durchemisterung ** of Professor Argelander, Director 
of the Observatoiy at Bonn. The completion of this giganUc work 
involves the observing and mapping of all the stars of the northern 
heavens, as far as the ninth magnitude, which embraces stars twenty 
times as £unt as any visible to the naked eye. In the present portion 
of the work we have the places of 105,075 stars charted with so great 
accuracy that a good instrument and careful observing would be neces- 
sary to detect any error in the positions given. Mr. Ppgson, Director 
of the Observatory at Madras, intends, it is understood, to complete 
this work by charting the southern heavens, — thus making, it would 
seem, almost all that could be dedred in the way of celestial maps. 

The government of Ecuador, S. A., has recently made a propor- 
tion to the French government to erect an observatory on the Plateau 
of Durito, the situation ofiering advantages such as few other spots in 
the world possess. Not only is the position of the Plateau towards the 
axis of the earth, and consequently towards the starry firmament, 
peculiarly favorable, but its atmosphere is always clear, and it is almost 
entirely free from the rising and falling currents of air, which offer 
such great optical difficulties to observation on most of the elevated 
pcunts of the globe. 



We present to the readers of the Annual of Scientific Discovery for 
186S the portrait of J. Ericsson (from a photograph by Fredericks, 
pf New York), the inventor of the *' Caloric Engine," the designer of 
the ** Monitor " iron-clads, and the foremost of American mechanical 
engineers. 
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MECHANICS AND USEFUL AETS. 



THI OBEAT nrrSRNATIONAL EXHIBITION OF 1868, AKD ITS 

NOVELTIES. 

^ The second great English Exhibition of the Industry of all Na- 
tions opened at London, May 1st, 1862, and continued for six months; 
the average dailj attendance of visitors being about 40,000. 

In the Annual of ScienHfic Discovery for 1862, the building erected 
for the purposes of this Exhibition was fully described, and no rec»- 
pituladon is here necessary, further than to state that the area of 
ground covered by the Exmbition edifice was 26 acres, with a flooring 
space of more than 1,500,000 square feet; while the Exhibition 
building of 1851 covered but 23 acres, and had a flooring space less 
than*a million of feet. 

Taking the Exhibition as a whole, no new invention or discovery 
of toij ven/ arecU value or interest was brought forward; but as an 
exhibition illustrativo of the present state of the useful and fine arts, 
or of the progress which man has made in rendering natural products 
sabservient to his necessities or his pleasures, it was magnificent and 
wonderful, — far beyond an3rthing of a similar character which the 
world has hitherto witnessed. 

From notes taken and material gathered during a careful personal 
inspection and study of the Exhibition, the Editor has prepared the 
following summary of matters which have seemed to him most worthy 
the attention of his readers. 

Machinery, — In machinery, it was the judgment of the jur^ on 
mechanical inventions that no construction involving any strikingly 
new thought was exhibited. Mr. Fairbaim, in his address before the 
Section of Mechanical Science of the British Association^ I862>fAaf«A. 
that the most noticeable feature of t\\c A^j^pwXiaKfiX. ^ xDfi^w^s^ 
uk^entroaa in the Exhibition was, iu Via \udtfin«fkX.,^^ Oaajt ^^ \naji^ws«% 

2* \1 
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were more compact and better constractcd than at any preTiotu 
period." " I do not believe," continues Mr. F., furthermore, " that 
at any former p&riod there has been such an exhibition of machines 
and of tools which are the creators and makers of the machines 
themselves. Some of the tools, such as the turning, boring, planing, 
and slotting machines, are of a very high order, and the tool machin- 
ery for the manufacture of fire-arms, shells, rockets, etc., is of such a 
character as to render the whole operations, however minute, per- 
fectly automaton, or self-acting, with an accuracy of repetition that 
leaves the article when finished identical with every other article 
from the same machine. Such, in fact, is the perfection of the tool 
system as it now exists that in almost every case we may calculate oa 
a degree of exactitude that admits of. no deviation beyond a thou- 
sandth part of an inch." Mr. Fairbairn also calls attention to the 
evidence afforded by the Exhibition of the growing importance of 
the horizontal steam-engine in preference to the beam or vertical 
engine. To the horizontal system may be applied economy in the 
first cost, and nearly equal efficiency in its application to milb and 
for manufacturing purposes. Another important feature in these 
engines is their smooth and noiseless motion, their compact form, and 
the facility with which they can be applied as helps or assistants to 
those of larger dimensions. They are, moreover, executed with a 
degree of finish and accuracy of workmanship which cannot easily be 
surpassed. 

Two facts could hardly fail of impressing themselves forcibly upon 
the American visitor to the machinery department of the Exhibition. 
The first of these was, the air of substantiability, if we may so express 
ourselves, or the capacity for hard service and endurance, which par- 
ticularly characterizes an English machine. American machmcs 
built in England are almost invariably better pieces of workmanship 
than their originals ; and an English mechanic seems never to use a 
piece of wood in mechanical construction if he can make iron avail- 
able for the same purpose. This course of procedure necessarily 
renders the first cost of an English machine much greater than an 
American, but the former, from increased durability, is probably 
cheaper in the end, while the work produced by it, from increased 
steadiness, is often superior. These facts were strikingly illustrated in 
the locomotive constructions shown in the Exhibition. The engines 
forwarded by the best makers of France and Germany were splendid 
specimens of mechanical art, and, viewed superficially, caused the 
English locomotives, which stood in juxtaposition, to appear dwarfed 
and inferior. A closer inspection, however, showed that the English 
engines far surpassed the continental in the following important res- 
pects, viz., greater simplicity of design, greater compactness of form, 
and clearer conceptions in working out the details of the parts ; " and 
these operations," to use the language of Mr. Fairbairn, " when care- 
fully executed to standard gauges, render each part of an engine a 
fac-simile of its fellow, and hence follows the perfection of a system 
whore every part is a repetition of a whole series of parts ; and this, so 
far as accuracy is concerned, is a great improvement on any former 
system of construction." 

The other (act to which we bave alluded, ^a VVIl^V^ lo Vhts^v^, vmr 
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pressed an American visitor to the Exhibition, was the barefacedncss 
and boldness with which machines invented, and even long used in 
the United States, were brought forward and exhibited as of English 
origin ; and for which, moreover, prizes and testimonials were sought, 
and not unfrequently obtaftied. As mere assertion, however, upon 
a question like this amounts to but little, we would refer specifically, 
for illdstration and proof, to the English wood-working machinerv of 
the Exhibition ; in which department wc unhesitatingly assert there 
was not a single machine prominently exhibited which was not well 
known and in use in the United States for five, ten, fifteen, and even 
twenty years (in one instance^ previously. And yet these machines — 
for want of any placard, or or any informatign in the catalogue to the 
contrary — passed for English inventions, and, in some, bore tickets 
stating that medals had been awarded to their exhibitors. As an- 
other illustration bearing more specifically upon this question, w© 
would call attention to the fact that the machine for folding books 
and newspapers, which was invented, patented, and came into use in 
the United States previous to 1850, was exhibited the past season in 
London as a new and original foreign invention, ana as such was 
described, figured, and recommended in leading English journals. 
Again, the prize-medal threshing machine in the French department 
was of acknowledged American origin ; a handsomely constructed corn- 
sheller from Tuscany, the best finished implement shown of Italian 
construction, was an exact copy of a machine in use in the United 
States years ago; while in the Prussian department was shown a 
Wood's reaper, the exact counterpart of which was, at the same mo- 
ment, on exhibition in the United States department. We are well 
aware that facts like these will have little of novelty to many American 
mechanics and engineers ; yet the evidences in the present instances 
were so pertinent that we could hardly refrain from alluding to them 
thus publicly. 

Marine Engines, — Wth respect to the comparative character of 
the marine engines in the Exhibition, the London Engineer savs : — 
" The triumph of the screw over the paddle is complete. All the en- 
gines are direct acting, and the stroke in the largest does not exceed 
four feet. No new style of engine has been brought forward, but the 
mechanical skill exhibited in the construction of all receives high 
praise. The screws for the French engines have edges as sharp as a 
lady's fan, while the British s?rev7s are rounded off at the comers- 
There can }xi no question of the fact that by rounding the edges of 
a screw propeller its useful efiect is increased so much as to give an 
additidbal speed of from about eleven to twenty-five per cent, to the 
vessel. One thing very striking and dissimilar between screw find 
paddle-wheel engines is the very short stroke of the former compared 
with that of the latter. For example, th<i new paddle-wheel steamer 
Scotia^ of the Cunanl line, has cylinders of one hundred inches in 
diameter and twelve-foot stroke, while the Achilles, a new gigantic 
British war screw-steamer, has cyliiidcrs one hundred and twelve 
inches in diametef, and onlv four-foot stroke." 

DisC'PropcUer, — A model, bearing this name, was exhibited by the 
inventor, Mr. Ashton, to illustrate a new m'^l\k!cA o^ \jta^\iNK«s«^- '^^ 
was simply a common paddle-wheel "witYi iVi^ ^caXa v^tmss^^\^« 
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gWe a more familiar idea of the invention, three penny pieeeik 
mounted on an axis, with a little distance between them, fcmn, to au 
intents and purposes, the disc-propeller. It seems strange that a pad* 
die-wheel without paddles shoulu be able to propel at all ; but Mr. 
Ashton has proved that not only does itfpropel, but that it propeli 
nearly, if not altogether, as quickly as if floats were attached. It 
was claimed, moreover, to bo much more economical than a pafldle. 
driving, with a given speed, the vessel with a smaller consumption of 
coal ; producing no vibration ; and, what is of no small importance in 
canal navigation, not the slightest swell. 

Iron Fcufrication. — In illustrations of iron fabrications the Exhibi- 
tion was exceedingly rich. The Buttcrlcy Iron Company, of Eng- 
land, exhibited a rolled boiler-plate twelve feet nine inches long, 
seven feet six inches wide, and one and a half inch thick. Ejupp^ 
the celebrated steel manufacturer, of Essen, Germany, has recentlj 
proposed to construct roUs not less than seventeen feet in width, and 
to manufacture therewith a boiler-plate sufficiently large- to form of 
itself an entire boiler ; and from the great success which Mr. Krupp 
has already achieved in working iron, there can be little doubt uih 
that he wiU eventually accomplish his object. 

Of sheet-iron there were numerous fine illustrations. Fine sheets 
from Belgium were especially characterized by a smooth and dark- 
bluish-gray, glossy surface. The color here wais obviously due to a 
thin and firmly adherent skin of oxide of iron, which has been de- 
tached here and there near the edges of several of the sheets, clearlj 
revealing the color of the subjacent iron. The London Times, in 
noticing these specimens, stated that they could not as yet be pro- 
duced m England. Russia, however, still continues without a com- 
petitor in the production of a peculiar description of sheet-iron^ 
which has long been highly esteemed in commerce. The quality of 
the iron, which is both smelted and worked with charcoal throughout, 
is excellent, and the dark polish on the surface is remarkable. The 
process of manufacture is not known, and mythical stories are car- 
rent as to the precautions taken with a view to secrecy, and the 
lamentable fate of those who have gained unlawful access to the 
works in order to possess themselves of the mystery. The manufac- 
ture of this description of sheet-iron in other parts of the world is a 
great desideratum, and the man who succeeds in introducing it will 
probably not have cause to repent. The Russians are said to anneal 
their sheets with charcoal-dust interposed, and finally to hammer them 
in packets. They are not all obtained equally good, and a selectioD 
is accordingly made. 

No met^dlurgical illustrations in the Exhibition were more inter- 
esting at the present 'time than the rolled armor-plates for ships. We 
give the dimensions of two manufactured by the Atlas Works of Shef- 
field : — (No. 1.) Length 21 feet 8 inches, width 4 feet 2 inches, 
thickness 6^ inches, weight 10 tons 12 cwt (No. 2.) Length 24 
feet, width 3 feet 8 inches, thickness 5 inches, weight 7 tons 1 7 cwt. 
A few years a^ the rolling of such enormous masses of iron would 
have seemed incredible, in the Great Exhibition of 1851, Messrs. 
Bagnall, of South Stafibrdshire, England, presented a rolled round 
har, which was considered extraordinary on accoont of its siae, but 




USErri. AKT3. 



ft wpigbcd onlr IJ ton. In the Paris Exhibilion. in 1855, there 
ranch larger b:ir$, but etiti nocliin-; thit couli) compare in weight 
with the g;igant'ic bars above menlioncd. Aii tlto public mind is at 
the prt-Mnt lime so much interested in everythiu); relatin;; to armor- 
plates, we present a ileacriptlon of the process by which the two great 
plates above referred to were mannfactared. The mcUil conHated of 
" best new Berap," obt^ned from ft mixture of Swedish. Shropshire, 
and Derb^bire refined iron. It was balled ttndcr a four-ton steam 
hammer, piled under a «ix-ton, and rolled into bar, re-rolled into 
Bhb^ all crossed, Ihen rolled into "moulds," find lastly rolled into 
the finished platen. There were SCO layers in the Clinch plate. 

The expense of manipulating : — ■■ — — "- "*■ " •' 

armor-plateii is necessarily verj 

r.inges between SI T5 and S225 per ti , _ , . 

and girders, in the Exhibition, was very fine and extensive; and in 
no branch of iron fabrication has greater pMfrress been made within 
the last few years. The mill-power required to produce some of 
these articles must be CRormous, bat we are probably far from having 
readied the maiimuia limiL Among the curiosities in this depart- 
ment — shown. pMibablv. as evidences of what eouLd be done — were 
a rail 117 feet long and 5J inches deep, and a tcnsioii bar for girders 
83 feet long, 1 foot wide, and 1 inch thick; both sent by the Butterley 

i^English) Compuiy. Another eompanv exhibited two rails of the 
bllowing dimensions: — One 53 feet G inches Imig, 4 J inches acnm 
the head, and 10 inches deep; the other 31 feet C inches long, 6^ 
inches across the head, and 15 inches deep. The Austrian Society 
of Stato Railways exhibited specimens of rails, some with the head 
of ^nular and the foot of fibrous iron, and others of puddled steel, 
l^u is a great manufacturing company, established in 1 ti55, with the 
Tiew of producing everything required lor the use of railways. They 
not only smelt and manufacture iron, but meddle with copper, lead, 
gold, silver, paraffine, etc. How far this system is founded on eorreet 
economical principled the future will decide. 

A collection of aichitectural irons from France indicated, what is 
genurally believed to be the fact, that iron is much more extensively 
nseU in that country for building purposes than in England. Of 
fotijed iron, two objects were preitminently worthy of notice, both by 
the Mersey Steel and Iron Cmnpany, of England. One of these was 
a monster engine-shaft, weighing about twenty-five tons i the other 
was an armoT'plate bearing the following inicription : — " This armor- 
plate, 31 feet 3 inches long, G feet 3 inches wide, 5^ inches thick, hav- 
ing a superficial area of 133 feet, weighing upwards of 13 tons, was 
fbrged at the Mersey Steel and Iron Works, Liverpool, and has been 
neither ■mithed nor tooled sinvo it left the steam-hammer. This 
pUte would have been made 1& feet to 20 feet longer if space eould 
nave been obtwned." The same company also exhibited a monster 
wruught-iron muzile-loacbng gun, eu!llt>d llie Prince Alfred, itnd 
forgpii hollow by a pmrcss patented by the superintendent of the 
worku, Air. W. CIny. This gun is I:! feet long, 35 inches in diameter 
at the breuch. 18 inches at the muzxle. lu-l-inch bore, and weighs 10 
loiii. The rifling consists of twelve uluuLov f^tooMa 
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ball, and 00 pounds of powder, against a target qf 4^-incli iitm 
plates, backed with timber and sand. The plate was indented nx 
inches, but not actually penetrated, and was exhibited along with the 
gun. During the process of forging it was necessary to nx>ye these 
heavy masses with ease and rapidity, just as a blacksmith handles his 
iron ; and, in order to effect this, most powerful mechanical appli- 
ances and the exercise of great skill must have been indispensable. 

The Exhibition contained many very interesting illustrations of 
welding under difficult conditions, and of these we will notice a few, 
without attempting, for want of space, any description of the processes 
employed. Ihe Butterloy Comj>any, above referred to, showed a 
girder in the form of a double T, twelve inches across each end, 
and three feet deep, welded loncritiKlinally. A large, stamped, solid 
wrought-iron wheel was shown in the English department, as an ex- 
ample of combined strength and cheapness. Illuslrations of ilie suc- 
cessful welding of iron and steel in railway tire bars were shown by 
the Monkbridge (Enj^lish) Company. In those the melted steel was 
cast round an iron tire, the latter being first heated to redness and 
dusted over with borax powder. The union of the two metals in the 
specimens exhibited seemed perfect, and even where the combination 
was hammered out into thin plate there was no sign of any separa- 
tion. This process is the invention of a Frenchman, and promises to 
be very valuable. The French, indeed^ have recently made such 
progress in the manufacture of iron, that bars of beam-iron are now 
comK^antly exported to England from France as an article of com- 
merce. Another curious fact, bearing upon the vexed questions of 
tariff and free-trade, brought out during the past summer in a pub- 
lished correspondence in the London Times^ was, that Belgium, wnich 
for years past (and at the present time) has maintained a prohibitory 
duty on tne importation of foreign iron, not only undersells British 
rolled and bar iron in foreign markets, but oven largely exports the 
same products into Great Britain. 

Among the curiosities in this department were two bars of mallea- 
ble iron : one, which had been tested by the admiralty to 64 tons per 
square inch, the standard strain being 59 tons, and which broke the 
admiralty chains instead of yielding ; the second, which had been 
tested with a strain of 51} tons, by Mr. W. Fairbairn. There were 
also several pieces of crystal^ne iron, polished like silver, and sus- 
pended by silken cords, which, when struck, emit a note as clear as a 
Dell, showing the perfect homogeneous character of the metal. 

Chain Cables. — The prize medal for the best chain cable was 
awarded for a patent plan invented by Sisco and Sinibaldi. Tho 
links of this cham are oval in shape, marh; from hocp iron, galvanized 
and brazed. The hoop is wonnil on a reel by a machine, tho inven- 
tion of the patentees, till the thicknes.s reciuired is secured. It is then 
passed through a furnai'c of molten metal, and afterwards rounded 
off for the completion of the latt«T operation of brazin^j:. Between 
the links there is a stay as in tho ordinary chains. The principle 
may be understoofl by taking a long slip of paper, or tajie, and roll- 
ing it round the hand, lay upon lay, till the necessary thickness of 
a chain is gained, then placing a stay across the inner part of the 
oral thus formedf and a good idea is oWmeCi o( ^\^o ^xia ^\xs^^»iL^% 
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rolled hoop link. The advantages of this make are the doing aws^ 
vith welding, and increased strength- In a ccuumoD chain one bad 
link destroy! the security on nhich a ship is held, and unless a chain 
is scToi^ly tested, a flair or iniporfect vri^ld may send a ressel and 
erev to dcstmction. Sisuo and Sinibaidi overcome this delbct in weld- 
ing, which makes the iron brittle, hy making rolled boops liomogene- 
DUH. Thev coil the hoops cold, and the dipping the chain into molten 
metal, by ueatin^ cvury part equally, consoliduti^s the layers into onu 
mofs, and constitatcs a really strong cliain. In rolling hoop iron in 
this manner, there is danger of fracture at the bend; but where there 
are bo many consecutive laycrsi, the fmcturc oi' one is of no serious 
consequence, for its weakness is counteracted by the liquid metal 
which enters and brazes it to the hciopa on either side. The strength 
of this hoop chain must be comparatively great, for every layer has a 
skin, and each link is made of sixtcL-n layers, bo that the chain is 
never likely to snap. If one skin is broken, the other fifleen may be 
intact, and the breakage of one akin will give warning to the crew, 
whereas, by the existing chain, there is no premonition, and the snap- 

Cinc is sndden. In this respect the patented chain of Siiico and Slui' 
nidi punaktfS of the character of a rope, whose strands give befoi '' 
breaks. The links of a good iron cable will be elongated befot 
parts, but bad iron snaps without disteudin«. The lulmiralty sti 
for a 24nch chain is 72 tons. A chain this same sixe, made frota 
rolled hoop iron, was tested at her Majesty's yard at Woolwich. It 
WAS attached to a testing chain of 2j inches in diameter, and ofl the 
hydraalio power being applied, one of the links was lengthened | of 
an inch, and the other i ul' an inch, when it reached a etr^n of ItO 
tO[is; and the 3^ inch testing chain broke 0^ in two places when the 
Btrun reached 114 tons. The hoop iron chain bad some openings ir 
one of the links, which hail been imperfectly brazed, but it did no 
appear to have been made otherwiMi defective. One link ol' Ih. 
same dimensions, 2 inches thick and 2 inches broad, waa afterward 
placed in the testing frame, and when a strain of 70 tons was applied 
It bad lonjrlhened X of an inch ; with 80 tons, | of an inch ; willi 
100 Ions, ,^ of an inch ; with 110 tons, j of nn inch; with 115 tons, 
V of an inch, and when it reached 120 tons' strun it was conadered 
Ivisable not to continue the strain, as it was so great as to loosen the 
sumc frame on which the machine rested, and liable to damaco other 
parts of ihu iron Irame of the machine. The strain applied on this 
occasion was one Uia more tban had ever been previously applied, 
and the hoop chain was only slightly opened on one rade. 

Steel Manufacture. — Kuver bclbro has so complete, and, in some 
respects, so marvullons a series of specimens illustrating the manulac- 
tun) of steel iKen witncaaed as was shown in the Exhibition building. 
In order to make clear to the general reader the nature of the various 
Ftwls bvre brought together, we propose to stale fiist, as concisul^ as 
possible, tlie properties of steel ; and, secondly, to expl^n the pricir 
pk'S of the various processes by which it is made. In the first plac . 
then, steel may be taid to be, craentially, iron containing carbon 
waliio certwu limit*, which cannot be cxaelhf *»iufwA,Viu.>. VvwSq. 
may be lakco, appituimatelv, aa. a \iaW to ur^-mvA-sAibM v™ "^"^ 
^/etliawacb more fimbiu tliaw wrt«ig,Vl iioa, MiAm&'^S^*!™**"" ■"" 
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ordinary fbrnaces, when it is termed cast steel. Steel may be irelded 
to steel, or to wrought iron, under suitable conditions as to qoaHty of 
metal and temperature. The fracture of steel is peculiar, and variei 
with the proportion of carbon and the. treatment which tlie metal 
may have previously received. It is more or less finely grannlary and 
when produced in the brittle state of the metal may h^ conchoidal at 
shell-like, such as is presented by the broken sunace of a Imnp id 
glass. 

The processes now in operation for producing steel are foanded <m 
two opposite principles, namely, putting carbon into wrouglit ircM^ 
and taking carbon out of pig iron, which last, it will be Dome m 
mind, contains more carbon tnan steel. 

Carbon is put into iron in the following ways: 1. By mftHJM 
wrought iron with carbon. This is the ancient Hindoo metliod of 
preparing the famous *^ woot/." The principle has recently beoi 
revived in making the so-called homogeneous steel or metal. Nmaer* 
ons specimens of wootz, sent from India, were exhibited in the £Kh^ 
bition, in the form of little conical ingots ; but there was nothing 
peculiar about them to demand special notice. Not so with regard te 
the so-called homogeneous metal, which has excited much attentkNi 
of late. It is extremely malleable and tough, and mav be plaoed 
midway between wrought iron and ordinary' steel; it maybe regarded 
as steel containing a low percentage of carbon. This is the metal dt 
which the celebrated English engineer, Whitworth, has constructed 
his Ru^st rifled ordnance. It is no doubt extremely valuable te 
many purposes, but it is, thus far, difficult to produce it uniform ia 
quahty. Examples of tubing made of this metal were shown, JtOI^ 
tened down vertically, and at first glance might be mistaken for Indi^ 
rubber. The metal, in this instance, we were informed, was prodnoAd 
by mblting pieces of Swedish iron and carbonaceous matter. In tte 
specification of a recent English patent granted for manufactunaig 
homogeneous metal, it is stated that scale, which falls*off from stod 
or iron during the process of hammering or rolling, is employed ia 
addition to the ingredients in common use for cast steel. 

2. Another process of introducing carbon into iron is known at 
^ cementation, and consists essentially in exposing flat bars of iron 
imbedded in charcoal to about the temperature of melted copper dur- 
ing many days. Carbon thus travels into the very centre of the 
hm ; but how this takes place has not yet been clearly explained. 
This process of preparing steel is an English one ; the furnaces are 
termed ** converting furnaces," and the bars of steel produced are 
called *| blister-steel," from their being studded here and there with 
blister-like protuberances. 

A great number of examples of steel produced by the cementation 

Eroccss were shown in almost every department of the Exhibitiop j 
ut there was nothing about them which requires from us any partio 
nlar comment. Until recently, all the steel at Sheffield, England, 
was made by this process, and Swedish iron has been lai^ly con- 
sumed for the purpose. Ditfercnt varieties of iron are known to 
yield difiercnt qualities of steel, but the knowledge respecting; these 
differences is generally regarded as a trade secret The pnoes of 
Swediah iron in the Englian market vary conddfirably^uc.^firamSlGO 
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to $60 per ton ; and the iron-masters aObct mach secrecy, eqieciall^ 
frith each oLher, rogftrding the pric«s at nhich they dispose of thoir 
iron. In tUu conDCclion it may be also stated that Sheffield no 
loDffer maiotains her boasted preiiniioeni^e in the manufUcturc of 
initlcr]', it being generally acknowledged that the Frcneb commoa 
cutlery, rach as table-knives, and also the Freoi'h surcical iostru- 
menta, arc tar tuperior in general lo those of English workmanship. 

3. A third proeesj of putting carboD into iron conaais esacntially in 
exposing rich iron ore to the aetion of reduting gases, whereby the 
metal is obtained in a metallic and more or less spongy state, and 
then melting this melallic sponge, previously impregnated with ear- 
bonnceons matter?. Cast nteel is tlius produced, and the process ia 
known as Chenot's, from its inventor. At the time of the Freneh 
Exhibition of 18Q5 great things were predicted of this process, and 
the '* grande mA/aille " of honor was awarded for it ; but since then 
it has not proved successful in a pecuniary noint of view. In the 
Exhibition, the epongei mtlalHqtia were exhibited in great variety 
fay the Brothers Cheoot, of France. 

Carbon is taken out of iron, 1. By exposing pig iron to the action 
of a blast of atmospheric air at a high lempernturc in a eharcoal 
beartb. " Natural steel," as the material thus formed is termed, is 
largely manufactured in central Europe; the most renowned estab- 
lishment being the " Imperial Works " of Styria, Austria. 2. Another 
method of extracting carbon from iron for the production of steel is 
by iho process termed "puddling," which ia so eonducteil as to Icavo 
sufficient carbon in the iron to produce stc.'l. Wrought iron is ob- 
tained from pig iron by puddling, — that is, heating the metal in 
a rcverberatory furnace with free access of air, and working it about 
tintil the carbon is burnt out, or nearly so. Now, if stceT be only 
iron containing more carbon than wrought iron and less than east 
iron, it is obvious that in puddling the intermediate Btal« of itecl 
must be passed through. But it is only recently that ateel has been 
made by puddling, j-et " pnddled steel " is now very eilensivcly man- 
ufactured on the continent of Europe. In Great firitian, however, 
it has not as yet been largely developed. Considerable skill is 
required in the mana^ment of the proccs. and under any drcum- 
fianecs it is difficntl, tiol to say impossible, to produce steel of uni< 
form quality, even in the same operation. In the Exhitntion, speci- 
mens of " puddled steel " were exhibiled bv the Rreroa Ironworks, of 
SLyris. which were produced with raw lignite as fuel, which contains 
twenty-five per cent, of water, and much ash. Railroad bars of 
puddled steel were shown from Prussia, and froni Sweden puddled 
Bleel produced with wood as fuel. 

3. A third process of producing steel by extracting carbon from 

iron is by "blDwing air through melted pig iron." Thbislhe pro- 

" which has excited so much attention of Inle, 



ileservcdiv so. The carbon and silieon are readily burnt out, and a 
I'Oiiniderahle quantity of irrm is also oxidized, ax ia the ca<e in every 
process in which pig iron is converted in'o wrought iron. What 
cmild, at first N}iht, appear easier than blowing air ihrouwh. n»iVv«4. 
iron If An ideaisone thing, and its rea.\i»M«m\ttyv*'.*\\t«\»asw:(&iKt_. ^^ 
" " vLm had to contend with maivy iiract^MA daffiitoMaK-vMA.-a ^H 
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entitled to great credit for the ingenuity and perseTeranco if hicb 1m 
has displayed in surmounting them. Tlus remarkable jirocess is prol^ 
ably destined to effect greater changes in the manufacture of iran 
ana s'.eel than many of our iron-masters suspect or would be wflling 
to believe. As a spectacle, there is nothing so startling and, in our 
view, so mapiificent in the whole ran^o of metallurgy. Thc^ melted 
pig iron is afiowed to (low from an adjoining cupola furnace into the 
M converting vessel," which is a circular vessel of iron coated inter> 
nally with a refractory lining of silica. Several lets of air are tbei 
blown in at the bottom, and bubble up through the metaL For 
a time all goes on quietly, but the temperature gradually incrciMM, 
and at length a volcanic eruption in miniature suddenly ocemiy 
melted scorias being projected on all sides with great violence, nd 
which if allowed to escape would inflict serious mischief on aaj 
unhappy bptanders. But soon all is again tranquil, and the cbamber 
contains malleable iron in a state of perfect liquidity. This may be 
tapped out into moulds, and, with special precautions, drawn <rat into 
bars, etc. ; but it is apt to be cellular and unsound, effects which Mr. 
Befsemer has had great trouble in overcoming, if even now lie hM 
thoroughly succeeded. Steel is made by introducing into the melted 
iron in the converting vessel a given quantity of spiegeleisen (ffpethie 
iron ore, carbonate of iron), containing a known percentage of cap* 
bon ; and so steel may be produced with an^ required proportion of 
carbon. The spieseleisen dissolves in the iron like sugar in watery 
rendering the metal more fusible and very liquid. UnfortunatdTy ii 
the Bessemer process, when pig iron containing phosphorus is opentel 
on, this injurious element is not separated in a sensible degree, asii 
the case in the process of puddling ; so that only those varieties of p|g 
iron which are iree from phosphorus, such as haematite pigs, etc., earn 
be advantageously used. The Bessemer process is now carried on Iw 
three largo establishments in England, two of which are in Shcf* 
field ; and that it should have succeeded in establishing itself at snefc 
a stronghold of prejudice as Sheffield augurs well for its final nnrrra 
The Sheffield people, however, maintain that good steel for cntleiy 
cannot be obtained by Bessemer's process. Specimens of BesM* 
mer steel were also sent to the Exnibition from manufactories ia 
France and from Sweden, in which last country it is extensively intio* 
dnced. The process has not yet made its way into Austria. TIm 
Prussians have tried it, but failed, and assign as th6 reason the on* 
Biutable quality of the pig iron employed. It has also been introduced 
with success in India, for which country it seems preeminently 
adapted, as suitable pig iron can be readily made there, but wlMre, 
owin^ to the heat of the climate, it is especially desirable to avoid the 
laborious work of puddling. Mr. Bessemer introduced his process in 
1855. It was received with approbation by some iron-masters, and 
with contempt by others; but it is now evident that it is destined to 
rlav an important part in the future history of metallurgy. In the 
Exhibition, Mr. Bessemer made a very extensive display both of iron 
and steel produced by his process, and of specimens illustrative of tJia 
lality of tho metal, as shown by hammering, punching, bending^ 
sting, stamping, rdling, drawing into tube and fine wire, turnings 
ifbing, etc A nil was shown^ c\^\1^-£cnlt YQKrci<^ \a >^ "910% 
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which maj' be supplied at £13 per ton. Tlic teufilo strength of the 
Bessemer Bleel is great, and the metal is now obtained of very uniform 
quality. Out of twenty-eight pieces taken nC random in one estab- 
lishment, the extreme of difference in tensile atrcngtii -was about 
five pounds or bo. Mr. Bessemer alfo eshibited a twenty^our 
pounder gun in the rough, and another of the same rate in the fin* 
■shed state. That in the rough is a solid forging of Bessemer Bteel, 
foiled from an ingot eighteen inehea square, and weighing twenty- 
eight hundred-weight. It was stated that thu materia! of which 
those guns were composed possessed nearly double the strength of 
the beat " Low-moor " iron, and that their cost was leas than wrought 
iron in the aamc shape. Steel was also shown in the Exhibition 
produced by the so-called process of " UcJia'ius," which consists in 
melting together granulated pig iron and oxide of iron, when the car- 
bon of the former is more or less burnt out at the expense of the 
oxygen of the latter, with a corresponding reduction ot iron. The 
proporlions should be so regulated that snibcient carbon may be leA 
to tbrm steeL This process, which excited muuh attention a few 
years ago. has not, as yet, come into extensive use, it is said for two 
reasons: First, the difficalty of obtaining uniform results; and, 
secondly, the high cost. • 

There was also shown, in the British and Swedish departments, 
steel {"^Dced by melting together charcoal, pig iron, and scrap 
wrought iron. Here the product retains the whole of the carbon, and 
the relative amounts of the ingredients used must be soch ai 



duce steel. It is requisite for this purpose that the pig iron should be 
of good quality. The reader should l>ear in mind that all steel, by 
whatever process it may have been produced, is termed cast steel 
after having been melted. The variatiooa in quality of the different 
tinds of steel in commerce arc innumerable, and in many cases the ■ 
reasons for such variation are quite unJuioivn. They are undoubtedly _ 
'chemical, but have hitherto baSled the efforts of chemists Co detect 
them. Much attention has, however, of late been directed to this 
most interesting subject, and there is now some hope that we shall 
not much longer remain in our present state of ignorance concern- 
In the Austrian department, specimens of the st^called " wolfrain" 
steel were shown, made by melting together cast steel and the mineral 
wolfram, by which addition it is believed the quality is greatly im- 
iirovcd. Steel thus produced breaks with a very fine grain, and is 
hard and tough ; but we have learned, on excellent authority, that this 
alloy has not been Ibund practically successful. 

Much has been s^d of late respecting the value of titanium and 
other elements in steel; but we learn that the best practical authori- 
ties in England do not as yet consider that any satisfactory evidence 
of the good effects of the presence of such foreign matters in steel has 
been presented. 

Krupp'a Cant Steet.'—'Bat one of the most extraordinary and most 
important collections of the Exhibition, and one the like of which 
* " never before been witnessed, was a. display of cast aVic\ ma&feXs^ 
Krupp, of Essen, Go.-raany. The snucia.\ po\Us o^ iotexeat ;AatMS. 
aiaaaaatiire -'a eiMiwt aic tlio wonderful BOunincaa ami ^!Q» «osk^ 
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mous size of the castinprs ; and in these respects he is so for in adyanet 
»f all other producers of cast steel that it will be extremelj difficnlt to 
approach, much more to overtake him. Krupp affects considcrabk 
mjrstery in his processes. lie rejoices in astonishing the world by the 
magnitude of his operations; and, like many others, who liavc for lea 
reason for self-gratulation, he is not inaccessible to the ehamiB of pop- 
ular applanse. He has printed a handsome scries of plates of Tariooi 
objects of his manufacture, which is prefaced by four photograpfaie 
vi««.ws of his works in Essen. They are evidently of largo extent, and 
are reported to occupy, one way or other, one hundred and eighlT 
acres of ground. It is stated that he employs puddled steel, which n 
broken up, assorted, and re-melted in crucibles. This variety of 
steel does not appear to be adapted for cutlery. It is affinned 
that there is a great consumption of plumbago and leather-parings al 
the Essen Woncs. Each crucible is said to contain seventy ponndi 
of steel, and the furnaces in which they are heated vary mach m 
(Umensions, the smallest holding two, and the larger twenty-fbv 
crucibles. When a large casting is required, the organization liM 
been carried to such a remarkable degree of perfection that at ft 
giren signal all the crucibles needed are ready to bo taken out of tbt 
furnace at the same time. Their contents are poured with the utnmi 
rtpidity into a lar^e reservoir, and from this the metal ia cast. Br 
this means, as in bronze-founding on the large scale, homogenei^ u 
attained. The apparatus for working the steel is the most gigaatb 
yet constructed. There is a steam-hammer weighing fi£iy tons. Ths 
anvil face weip:hs one hundred and eighty-five tons, and cupola fm^ 
naces were built expressly to melt this large quantity of metal. Tfai 
largest casting in the world is the great bell at Moscow, reported tt 
weigh one hundred and ninety-two tons; but it cracked in codiagi 
and was never removed from its birthplace. Krupp's anvil rests oa 
eight blocks of cast iron, weighing from 125 to 135 tons each, aai 
making a total weight of 1,250 tons of cast iron ! This solid straetois 
of iron is supported on a wooden foundation, forty feet square, lis 
mould for casting steel solid is constructed so as to avoid the prescnot 
of all angles, of which the inevitable effect would bo to cause s 
lodgment of the air, and consequent unsoundness due to bubblea 
Vent-holes will not suffice to remedy this evil, as they become so soon 
stopped up by the rapid solidification of the steel that the air has nol 
time to escape. The largest casting exhibited by Krupp, in ISftlf 
weighed two and one-quarter tons, and the largest in the Exhibitioa 
of 1862 weighs twenty-one tons. It was in the form of a solid 
cylinder, about nine feet high and three feet ei?ht inches in diameter, 
and was broken across to show fracture. We insptK'ted the fractured 
surface oyer and over again, even under a good lens, and failed to 
detect a single flaw. • The largest casting Krupp ever made weighed 
twenty-five tons. Now, when we reflect that this enormous mass of 
metal is melted in comparatively small crucibles, we get an idea of 
the perfect organization requisite to have every crucible ready, and 
the pouring effected at almost the same moment of time ; and it is ia 
this organization that wo are disposed to think one great merit of 
Krupp coDmsts. ^ A large rectangvuar \u^oX,,'wvi\^\Tv« ^Xfcft\i\ana^ 
lito exbibited it was broken across \n «^^t\&AKi&\jdidDin« — *' 
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Ity of quality and strttctnre ; was cast cylindrical, and rcdti(>cd after- 
wards under tLo hammer to tho rectangular aliapo. Jl. Krupp al.so 
cthitnted sbafb, rolls, railway lires arid wheel!', locomotiTc axlog, and 
g^o^ of east at«el. The largest of these lasr. was of ninc^neh bore^ 
and wclgLed nine ton^, bein}^ a single moss of cast sloi'l. and by far 
tho largest gun of this material hilhorlo made. It was, liowcvor, 
hardly more than a steel Ibrging, bored and rough-turned, for, 
alihougb open at both ends, no breeeh-loading arrangement was 
shown, nor bad the bore been ^iftl^d■ Other guns of smalliT dimen- 
sions were also shown in considerable number, caeh in the same stage 
of finish as the nine-inch gun. 

In tho vicinity of Krupp'a works, at Esson. is another cast-slecl 
establishment, known us that of " Boclium." We are inlbrmeJ that 
the processes here adopted arc the same in all respects as at Krupp's, 
and that access to ibc work» is libcrallv granted by the proprietors. 
A largo cast^teel bell was the pruieipal object sent Irom Boclium to 
the Exhibition. 

Ordnance. — Of war implemenlj in tho ExIiibiti'oD there S'emed 
b> be no end; the British government leading off in the display, and 
CTcry European power following, except France and Austria, which 
sent nothing officially. The heavy guns exhibited by the British 
government were all breech-loaders, mostly of the Amjslrong pat- 
tern; and this brceeh-ioading system characterized all of the puns 
sent by the continent»l workshinis except Spain, which, in common 
with France, has neglected iL In the Italian department specimens 
of tho so-called Cavalli gun were shown. Tbo inventor. Gen. Cavalli, 
although an advocate ot' the lireech-Ioading system, does not adopt 
the comnrcsaion system for his projectiles, which arc of Binplc cant 
iron, witoout any attempt at the cxcluu'on of windage. The pro- 
JLi'lions, which arc cast on tho shot, and which Gt loosely into the 
t;iooTes, imnart the necessary rotary motion, whidi, comlnned with 
iliu form of the projectile, the General conuders to In) sulllcicnt to 
Bi'i'ure areuracy of fire and length of range. Tills gun, for heavy 
artillery, has been adopted to a considerable extent in the Italian 
nrniy, but their field- art ill cry is rifled upon Ihc French system of 
Trcuille i|e Bcaulieu. From Sweden the guns were eonstruet^'d on 
the plan proposed by Baron Von Wahrandorff, wlio uses breocli- 
liindcrs, with a system of lead coating, affixed meclianically lo the 
»^iilo* of elongated projectiles, to enable him to rifle his guns on the 
eomprenton principle. A gun, exhibited as the invention of Lient. 
EngsCrom, ot tho Swedish navy, was of cast iron, rilled in lour 
gniovcs; the prcycctile was eylindro-eonical, with eight woollen studs 
nitaehed to it. These projectiles were tested Id England some years 
siuLi', and were then nufavorably reported on; but it is oni^rtud 
that siiico then improvcmoDts hare been made which obviate thu 
di^'ects eonipl.ilnvd of Experiments aiv being carried on nilh this 
sysleni of r.rili in :■ in Fr ,n ■■, I'lissia, ood otliL'r couutrii-s. (Icniirol 
(iulod.of ill.' I : ' :--i.'rts that in France favorable result! 

specimens of the rilled ruu, 

I, \,RttO, t^'M, tjiWS, wmV*?*** 
range wiUi eflWt for iflWi '&«^ \vS»h '^"- 
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tnred at a cost of £2, all the materials being Swedish. The manii- 
factory employs 250 workmen, and turns out 5,000 rifles annually. 
The Board of Ordnance of Christiana exhibited specimens of the 
rifled musket in use in the Norwegian army, interesting from the fact 
that breech-loading has been adopted throughout the army, and that 
the bore is hexagonal ; this principle having been in use for some 
considerable time. Spain, Lke Italy, has adopted the French system 
of rifling in her artillery, namely, that of Treuille de Beaulieu, and 
sent several specimens to the Exhibition. The royal foundry of 
Trubia produces all the steel and iron, both wrought and cast, re- 
quired for the use of the Spanish service. This foundry exhibited, sa 
a specimen of the rifled iron ordnance now adopted in the Spanish 
service, a gun of cast iron, strengthened with bands of steel, and 
rifled after the French model, about 10 feet 9 inrhcs in length, and 
weighing about 8 cwt., the diameter of the bore being 1 G centimetres 

i6^ inches). The charge for this gun is 8 J pounds, and with sixteen 
egrees of elevation it is stated to have attained a range of upwards 
of 6,000 yards with a cylindro-conical ball of 08 pounds weight. Aus- 
tria, like many of the other nations of Europe, has been attracted by 
the advantage which the French system of rifling ordnance possesses, 
of enabling existing stores of artillery to be utilized, and has conse- 
quently adopted that principle since the early part of 1860. No dis- 
play, however, of ordnance was made from this country. The question 
of the adoption of a rifled arm for the artillery of Ilussia is still to a 
certain extent undecided as regards heavy guns ; but the greater pro- 
portion of their field-artiilery has been rifled upon a principle which 
18 only a slight modification of the French method. A rifled gun of 
cast steel, in this department, bore an inscription stating that ibnr 
thousand rounds had been fired from it without injury. The Prus- 
sktn government have adopted the WahrendorflT principle (above 
noticed), both as regards breech-loading and lead-coated projectiles. 

Impregnable Pori-hole, — In the naval department a model was 
shown for closing the aperture of a port-hole, during the time when 
it is unoccupied by the gun, with a revolving' shield. The gun goes 
out through a ball, or spherical revolver. This revolver moves on 
axles, and allows the gun to be turned in every direction ; and which- 
ever way the gun is pointed, whether elevated, deprcFsed, or trained 
afl and forward, there is no opening disclosed for the entry of a 
Minie bullet When the shot is discharged, the gun recoils, and the 
revolver turns, and presents a closed appearance to the exterior. 

Improved Furnaces. — In the Swedish department specimens of 
iron were exhibited made with peat as fuel ; and in the Italian de- 
partment steel was shown made in a gas-puddling furnace with the 
same fuel. The furnace in which peat is thus made available (or 
metallurgical purposes, although not easily described without dia- 
grams, is still so well worthy the attention of those interested in CvOn- 
omizing fuel, that we make the attempt to render its slrueture iiitelli- 

fible to the general reader. We must assume, in the firet place, that 
c is acquainted with the form and action of a common reverberatory 
furnace such as may be seen in operation in many parts of the coun- 
try. Instead of the usual fire-place, there is what is called the " gas 
geaentor." This consists of a circnlaT cViam\>et oi ^t^-Xm.^ ^xi;st^ 
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feet deep, and two or three feet in diameter, closed at the bottom, 
and baviDg a hopper at the top, through which Tuel is lupplicd. This 
chamber, at a certain height iroia the iKittoili, is in direct connectioD 
wiih Ibe body of (he fuTDac-o, to that flame may issue as freely from 
it as from the Grc-place of an ordinary roverberatory furnace. In the 
sidea of the generator, at a cerl^n distance from the top, is a Beriea 
of three or jour amnll, round holes on the samo level, and at Bomo 
distance lower down is another ximilar sericH of round holes. Theae 
holes are for the jKissage of the air intended to support combustion in 
the interior of the generator, which b blown in cither by a fan or 
some olher convenient blowing-machine. Now, when the generator 
is full of incandescent fuel, and air is injected through the lateral 
holes, carbonic oxide ga.^ is copioasly produced and parses inUi the 
furnace, as there is no other place of egres.', the hojipcr at the lop 
bein^ supposed to bo shut. As it escapes from the generator, it is 
met with ■ current of heated air, or, as :t is technically termed, ■■ hot 
blast," which is injected dowowarda from the roof of the furnace at 
or near its junction with the generator, either in several jets or in one 
continuous sheet. The carbonic oxide while still hot is thus burnt, 
and the heat developed is tufficienll^ intense even to melt wrought 
iron by the hundred weight. The air which supplies the generator 
is also previously heated t and in the Swedish furnaces the apparatus 
for heating the blast consists of a scries of cast-iron pipes fixed at the 
lower part of the stack. Ilcncc only the waste heat of the furnace 
is employed for this purpose. It is usual to place a hollow cylinder of 
iron round the generator, so as to leave a closed space between its in- 
ternal surface and the exterior of the generator; and into this space 
tbo hot blast is inCroducetl, whence it passes through the two rows of 
holes previously described into the interior of the generator. The 
atmosphere of such a, furnace can be rendered cither reducing or oxi- 
dizing at will by regulating the amount of blast. At the bottom of 
the gencrutor is a door, by means of wlucb tbo ashes or clinker from 
the fuel may be withdrawn. These furnaces can be so modi&ed as to 
suit any kind of fuel. A recent writer in the London 7'ima advo- 
cates their nse even for the burning of anthracite. He says, "This 
hind of coal gives intense local heat, but this inconvenience might 
eanly be remedied by introducing along with the air info the gener^ 
ator a certain proportion of steam. This steam would be decomposed, 
with the Ibrmation of carbonic oxide and hydrogen gases and some 
carbonic acid, and a considerable reduction of temperature would be 
the result. But the heat thus removed from the chamber would be 
sul'6«'(]nont1}^ restored in the body of the furnace b^ the burning ot 
tl>c combustible gases derived from the decomposition of the steam, 
M that (here would he no loss of lieat, but only a transference of it 
ttota the generator, where it b not wanted, to the furnace, where it is 
applied. The fact is, our mineral fuel has been so abondaet, and so 
eMily accenibic, that it iias been most cruelly wasted. But matten 
are not iiuite so smooth aa they used to be, and nccessJI^ is beginning 
to cunipel atlenlioii from our iron-maslera to the subject ol' econo- 
tiiixing l^iirl iu every jiotNblc way. Tlie old reverberator} funuu<!.U 
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the fuel is converted into combostibie gas> which maj h% j^ipUed 
under most advantageous conditions.** 

For burning fine coal we noticed a form of grate, a Gemuui ooo- 
trivancci the ** step-grate/' formed of flat bars of iron, airanijed wil^ 
the wide side uppermost, one above another, and with a certain 9ace 
between them. An inclined grate is thus constructed, throu^ which 
not even the finest coal can drop, provided the bars are allowed aofi- 
ciently to overlap, and yet there is ample space for the admission of air. 
We have a conviction that these grates can be introduced with great 
advantage in this country, espociiuiy with a view to the utilization of 
fine coal refuse, and that they only require to be known to insure their 
immediate and extensive adoption. Such grates are in pretty exten- 
sive use in several localities on the continent of Europe, more particD- 
larly for the consumption of lignite. In the south of France gratef on . 
the ordinar}'^ principle, but composed of very narrow and deep bars 
much nearer together than usual, arc adopted with success in the case 
of small coal impregnated with much iron pyrites. These bars are of 
cast iron, one half-inch thick at the top, and only one quarter-inch at 
the bottom, and five inches deep ; they arc placed three-eighths of an 
inch apart. We are informed that since this plan came into use the 
bars of marine boilers in some cases where the coal is bad last three 
times longer than previously. 

Siemens's Regenerative Furnace, — This fiimace, which has recently 
excited great attention in Europe, was exhibited in modeL Its prin- 
eiple of construction wo will endeavor to explain. Every one must 
have been struck with the prodigious amount of heat which escapes op 
the chiixiney, especially in furnaces where smoky flame may frequently 
be seen issuing from the to[). One fpreaX object of Siemens is to save 
and transfer this heat back into the i'urnace ; and this is done in tha 
fidlowing manner : We assume that the reader has seen an ordinary 
glass-house furnace, whether for the manufacture of flint, crown, Ger- 
man sheet, or plate glass. Now, under or near such a furnace let there 
be erected four distinct fire-brick chambers, each of which may bo pat 
in connection with the interior of the furnace and the stack or chim- 
ney. Let each chamber be filled with fire-bricks, piled much in the 
same manner as bricks in a kiln, so that air ma^ circulate every whoro 
freely through the entire mass. Wo will designate these *^ regene- 
rative chambers." Instead of directly using sohd coal as fuel, we will 
replace the ordinary fireplace by a large gas-ffcnerating furnace, not 
like that which we have described above for burning peat, but eon« 
sisting simply of a chamber having a ^^ step-grate," such as is above 
doscnbcd. The generator may be near, or at any convenient distance 
from the furnace; and coal of a very inferior description may be 
b irnt in it. The conditions must be such that carbonic oxide and 
combustible hydrocarbons may be generated, and conveyed through 
flues into the interior of the furnace. Let us now suppose that two 
of the regenerative chambers have been raised to a high tempeiature. 
Instead of allowing our gaseous fuel to pass directly into the furnace, 
we will cause it to traverse intermediately one of these heated cham- 
bers, whereby its temperature will be greatly raised and that of the 
chamber lowered in a corresponding degree ; and we will only admit 
ilt3 air intended to support combustion iWou^Vi \.Vi<(^ fs^i^x Wa^u^ 
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' nigeDCi^ve chamber, so lliat it also may be strongly heated. Thna 
botb the g.uenus fuel onri the sir for bumiDg it catt^r the AirDaeo at a 
high tcmperatnre. But, while this is gruug on, the produels of com- 
biulion musti on thvir triiy to the Btack, hu compel liril to traTcrsc the 
other two t'llJ rtgeueraUTe chambers, to the brickwork of wliich 
ihcy will in great meoaure ilolircr up their beat. When thoso shall 
ktve bei!Otnu heated, the other two c^hambvrs nil! have become 
coulcd ; and then we will change the direction of tho currents, 
divertiDg the courM of the goaoous fuel and the gas intended to 
KDpport corabiutian, anil Bending them ihrouoh the l^t heated cham- 
biTj KspMtively. And thus the nroceHs any be continued, alternating 
t':-om time to time tlie direction of the currents. It ia obvious that by 
thia means the waalc heat is in a great measure caught by the brick- 
W(irk in the regenerative chambers, and subserjuently restored to tho 
I'urnocv. So much, indeed, is this thu case, that when the ioterior of 
the rumaeo is white-bot the temperature of the products of combus- 
lioci escaping from the chimney doi's not exceed three hundred 
degrees IrahrenheiL The temperature which may bo attained in the 
funiacf is enormous, and may be regulated to a nicetv. Prof Faraday, 
in u recent lecture before the Royal lostitutioQ, London, described 
in L'lnr^ueut terms tlio impression produced on bis mind when ho saw 
these lurnoces in operation at a large glass manufactory in Birming- 
ham. Oott farnoco contained twelve pots, each of which held luw 
long of glaw ; and yet, on one occasion, so high was the temperatUM, 
that tho whole was actually melted down ! If we redect, we shall 
porccive that Siemens'a prmciple is precisely that on which a hand- 
kerchief is tied round the mouth, or a " respirator" applied to it on a 
froity day. Tho word " uccumulative " would, probably, be more ex- 
prt>uive tlian " rcgeucrative." There is no regeneration, but simply 
'~n and accumulation. 



Of Patent Fuel there were numerous examples illustrative of va- 
rious ]>alen( proiiesscs. lo general the priociplo u]>on which these 
preparations is based is tho agglomeration of fine coal, which is 
effected by the inU^rmixturo of pitchy matter. The compound b 
f^ishiooud m bricklikc or cylindrical lumps of convenient site under 
prt>ssuro, with or without tho application of moderate heat, according 
to circomstAnces^ Elaborate machinery for preparing this fuel was 
exhibited in the Belgian department. 

hfiia-Rabber Subjlitule. — In the section of India-rubber goods, an 
exhibition was mode of the so-called "compticon," or Inilia-rubbcr 
Eubalitute. This now product is made from oxidiied oil, so treated as 
ti) remove all unctuous matter, and is formed into a senii-etostic resin, 
which for many purposrs, such as steam-packing, driving bands, and 
li'i<e, is said to answer equally as well ns India-rubber, at a considera- 
bl<' less cost. It can be supplied in either dough or solution, and as a 
hani compound vulcanizes as readily as India-rubber, without tho use 
of sulphur, 

Jr.'r'ran Well-boring. — It was Stated in connection with Cfrtnin 
im;iruved maclunery exhibited for boring Artesian wells, by Degousic, 
of faiis, that to such pcrfecUon has uorth-buring been now carried, 
I hat lolid cylinders of tho rocks, purior^Uul. ai uAs«tti«i ^'^V^P^^^^^y 
'•-'-' ').t^ ixMition which V '"* — a. ^\.^ ^-w- 
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the strata ma^ be ascertained by measuring the inclination of the 
planes of bedding with the axis of the cylinder. 

Noiyelties in Textile Fabrics. — In the French department "were 
shoTTu the results of some attempts to apply photography in the pro- 
duction of an imitation of lace on silk, and especially on ribbons. 
This is effected by means of zinc plates on which the figure of lace has 
been printed by photOCTaphy and afterwards etched. The process 
has been named *^ autophotes/' and is probably not unlike photozinc- 
ography. The effect of the printing is very good as seen at a dis- 
tan(>e, and also when applied to millinery purposes, that is, made up ; 
but on close examination looks coarse, and seems uneyen in the inten* 
sity of the linej and figures. 

The wonderful advance recently made in " pigment ** printin? on 
textile fabrics f (tailed also steam-printing) was especially noticeable in 
a display of prmted muslins, in which art seems carried to its utmost 
limits on such materials. The style has received from the French the 
name of "Aau.'e nouveaufe." "In these printed muslins," says a 
recent art critic, " we have elaborate designs, chiefly floral, carried 
out with a breadth of ^ handling' and delicacy of ^pencilling,' so to 
speak, that nothing except the most masterly treatment with indian- 
ink washes and the sparing but judicious introduction of color can 
achieve, even on paper. The use of aniline tints gives sreat 
brilliancy to some of tncse touches of color; and the drawing or the 
flowers, i'erns, etc., is exquisite, in fact as perfect as French art can 
make it." 

In the Russian department a curious exhibit was made of calicoes 
designed especially to meet the tastes and requirements of the mde 
people of eastern and central Asia. 

As an illustration of the great and increasing demand made by the 
world for certain descriptions of cotton goods, attention may be 
here called to the fact that, notwithstanding a gi*eat development of 
the. business of calico-printing within the last ten years in the United 
States and upon the continent of Europe, yet Great Britain, which in 
1851 exported six and a half millions of pieces, increased her export 
in 1858 to upwards of thirty millions. 

The extraordinary development of the manufacture of jute in 
Groat Britain within the last few years was illustrated by a great 
variety of specimens, as, for example, twilled stair-carpeting, Brussels, 
Kidderminster, and Venetian carpets and hearth-rugs, in which the 
colors usually employed in woollen articles of the same class were 
su'^-ccssfully dyed m jute. The greens were especially good, and the 
effects produced were tasteful and well adapted to the purpose. The 
only drawback is that the dyes in jute are uot permanent; but when 
the fact is borne in mind that a good jute carpet can be obtained at 
about half the price of those of the ordinary make, and that actual 
wear, apart from the fading of the colors, is m favor of the jute, the 
economical value of the material for use, if not for appearance, is at 
once seen. 

Touching the value of the jute manufacture in Great Britain at 

the present tune, it may be interestinjr to state that about 40,000 tons 

of this material are worked up annusuly, and that from recent returns 

It has been calculated that from 30,000 to ^5,QQQ «^\aei\&^ «x^ «si^ 




nioK tluB malcria] for weaving;, and. a; tho sapp'y u 
tklmiut imliiuited. It U Uifljeolt lo caluulato iv hat results may^ulbe 
arriveil at tlirangh its i»c iii otber directiong than thoac in which ne 
have just reviewed its succcseful applii'alion. 

Per/td'uin of Cotion Madiinery. — Some interestiDg lacts illustra* 
tive of the perleclion attfuoed to in cotton-spin niDg, as deduced from 
an cxaniinatJoD of muslins shovo at the Exhibition, have been pub- 
lished by Mr. n. IIouldH worth, a leading Manchester manufacturer. 
It has twen itated that the line ration yam spun iu India by female 
bands h Gtier tban that spun by machinery in England. Mr. IIoutd»- 
worth, liowercr, shows this is not the case. He states that he exam- 
iocd the Quest piece of Indian muslin exhibited in London, in 18^1, 
and fouud that it measured 10 square yards, weighed I,fi07 (grains, 
GODtained 104 warp threads and TG weft threads to the inch, the 
number beins what is deoominatcd Jio-Si". At the same Exhibition 
No. 40O Bngush yarn was shoi*n. but at the recent Exhibition there 
was a piece of muslin, woven in France from No. 700 yam ipun la 
UancheaCer, which exceeds anylhing ever before attempted. It is a 
mere fancy specimen, however, and not fit for practical purposes. 
On the other hand, there was a whole piece of cloth, of about thirty 
^-anls in length, made of No. 440 yam. Tliis cloth was also woven 
in France, but the yam was spun in England of Sea Island colloD. 
The lioo muslins of Ilindoslan have been called, in oriental style, 
" woven wind," but they arc evidently coarse compared with the 
finest specimens that have been woven in France. Mr. Houldsworth 
stnles, as an item of curiosity, that a few threads of No- 2,500 have 
been made, but they arc of no practical use. A single fibre of Sea 
Island cotton is equal in fineness to Ku. 8,000 yum, and a pound 
weight of it in a single fibre of thread would muasure 3,818 mdes in 
leniith. 

All the Bcw dyes and chemicals of importance ititroduced during 
Ht ten years into the manufacture of printed Bn<l dyed fabrics 
shown in a greiat variety and richness of specimens', — promi- 
atnotig them naturally being the products derived from coul-iar. 
purple, there was shown by Pcrkin, it* inventor, a cylinder 
01 " m<uivc paste," of so moderate dimensions as to be easily carried 
under one's arm, which required for its production the tar derived 
from 2,000 tons of coaL Its value was given at'S4,000, and its '■ tinc- 
torial potcnliolity " as equal to lOU miles of calico. In juxtaposition 
with this, on one side, was lo be seen a large jar contaimng one grain 
of the paste disfolved in two gallons of water, to show iho intensely 
colorific property of this material, and on the other »ilu another jar 
conlainingatMUt two gallons of crude coal-tar, tho exact amount neces- 
sary to produce ten grains of mauvd dye. Aniline colors were also 
shown in their varied forms of dyeing and printing as applied to cot- 
tons, cotton- velvets, silk, anil woollen, in shades ot' pnrple, rcda. and 
blues, known as mauvt!, magenta, etc. These colors in tillc were 
espi'cially lirillianL There were also illnstrations of muriuiide color*, 
or the Kj-called " Roman purple," dci'ivL'd from the uric acid con- 
taincil ill guano. TignicnC colors fixed by albumen and substitulrs 
for albumen, such as lacterinc, gintun, etc., wi:(is ig.W dux«'«, %&&. 
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ing. Specimens of cmeraldinc, a new green, and azurine, a^ new 
blue, were exhibited by Mr. Grace Calvert. Of these, emeraldiDe is 
produced by prepartn<^ cotton with chlorate of potash, and then prints 
ing with an acid chloride of aniline ; in a given period a bright green 
appears ; then the green is subjected to the action of a solution of 
bichromate of potash, and the tint is changed.to a deep blue, which 
has been called azurine. 

Engraving and Printing. — In this department the noYolties whicli 
seemed most worthy of specification were, first, illustrations of a pro- 
cess (not new, sco Annual of Scientific Discovery, 1861, pp. 68, 69) 
for enlarging or reducing impressions from engravings, through the 
elastic power of India-rubber. Thus a picture is first printed on a 
sheet of vulcanized rubber prepared with a surface to take litbo- 
graphic ink; this is then stretched to any required size, and the 
enlarged impression transferred to a lithographic stone, from which 
other impressions on paper may be taken in the usual manner. 
When it is required to make a reduced copy of a drawing, the pro- 
cess is reversed. There is now on exhibition in London a series of 
enlarged sketches in oil from Punch by John Leech, which have been 
formed in this way from the original wood-cuts stretched and painted 
over. Second, lithographs transferred to copper and chemically treated 
to become surface-blocks by Gicssendorf of Vienna ; third, engraved 
photographs on wood, with which the draughtsman has had nothing 
to do ; fourth, odc of IIogarth*s engravings, reduced and engraved hj 
the action of light, producing a repetition that would puzzle a con- 
noisseur to make out, the work of Sir Henry James; and, lastly, 
specimens exhibited by Mr. Willis of what he calls autotypography — 
a process by which ho is enabled to impress in a plate of soft metal an 
artist's own drawin<r, even to his washes and delicate renderings, pro> 
vidcd they l>e done upon the transparent medium supplied by niniy 
somewhat as drawing upon tracing paper, an easy and facile method, 
requiring no reversing of the subject or writing. 

Engraving bg Electricity. — An ingenious, though not very new 
machine, was exhibited for en^Taving copper cylinders employed in- 
the printing of textile fabrics by means of electricity, its distmctive 
feature being the application of voltaic electricity in communicating 
certain neccssaiy movements to important and delicate portions <m 
the apparatus. The cvlinder to be engraved is first coated on its 
outer surface with a thin film of varnish, sufficiently resistant to tho 
continuous action of the strongest acids. The requisite number of 
copies of the original design are then traced or scratched simultane- 
ously by a series of diamond points, which arc arranged on the ma- 
chine parallel with the axis ot the cylinder. Each diamond point is 
in correspondence with a small temporary magnet ; and the entire 
series is so arranged en rapport with the original design, which had 
been previously etched on a metal cylinder fitted in with a non-con- 
4tictang substance (this cylinder being made to revolve in contact 
vith a tracing-point), that when the electric current passes, intermit- 
ieat currents are established, whereby the diamonds are withdrawn 
Arom their work at the proper intervals. The metallic surface is 
tbereby exposed in certam parts, and a bath of nitric or other acid 
hoinj ailerwards used to etch or deepen the <iu^raiV<id ^rtlou^ tbe 




ordinal. 

Agrkullaral ImplemenU. — Tbo display of different devices for 
Eti'aiu-plougliing was very exte naive, but embraced no con^Lruclion 
of novelty. Many styles of the i^cultural locomotive cndnes which 
hnvo conic into extensive use id Great Britain were shown, each 
being applicable to the various uses of fteam in farm-work, m thresh- 
ing, chaff-cutting, etc. Each engine is constracted to transport itself 
and its apparatas &om one farm to another, and in neighborhoods 
wU<rre Iho roads are good they snccced well. A very cheap sta- 
lionary cast-iron boiler for farm or conserratory purposes, whcro 
oulj Ct'teen or tnenty pounds pressure is required, was deemed iror- 
(hy cil' a firslK^lass mL-tlal. The boiler was tubular, and east all in 
.one piece i the exhibitors claiming that this plan of consiructioii 
clibctually m^ivented breakage and leakage by expanuon and con- 
trwtion. There were also exhibited iron stalls for horses, admirable 
for 6liiu(B of desi^ and completenesa of finish. The rack, maogcr, 
and water basin are all of iron, the manger and basin lined with 
white porcelain coomel. The floors arc of brick, or wood, or grooved 
iron, as preferred, but vach ti provided with a perforated iron gutter. 
Wood i* preferred for the p^ition walls, as iron has been somt- 
timea broken by a kick, to iTie damage of the kicker. Ilalter-straps 
wetghtL-d BO M lo prevent all possible entanglement, and zinc rollers 
at the edge of the manger to prevent crib-biting, were accompani- 
ments of these BtallsL A patent at^ety-eprmg, to prevent horses from 
running away, c:ilubited, consisted of an elastic India-rubber strap, 
nbuut u foot long, one end being attached to a common straight bit, 
iha other buckled to the riding or driving rein, which is attached lo 
a curb bit. The point of junction is so adjusted that ordinarily tlic 
hortc will feel only the small bit, whereas, in case of sudden restive- 
net*, a beavior pull on the rein brings the curb to bear. This simple 
contrivance may be applied to any riding or driving bridle, and lor 
tender-mouthed horses who will not bear the curb, but still like to 
run sway occasionally, it is invaluable. 

A Danish Milk Pan, for Inrge (biries. which was honored with a 

medal, was of iron, lined with while porcelain enamel ; the dimcn- 

aoD* six feet b^ two and a half feet. It was so arranged that one 

«ud may \k easily raised 10 pour out the milk as desired. The cream 

i> removed by mcani of a long-handled skimmer, a light strip of 

wood between two wbculs, adjusted lo travel down the edges ol* the 

p.111, puthiu^ the crea>m belbr« it into a reservoir stationed at the end 

to receive lU Tills reservoir is placed on whwls, and may, if the 

^^ww of pans is long, have a railway of its own to travtl over. A 

^^BVedivh pan. of tin, proridcd with a perforated tube through which 

^^^P milk is alh>wod to puM out, leaving the cream in the bottom ol* 

^H|k pan, was alao awarded a meilaL 

^K^ricjtj and Tilei. — An Kngliah hand machine for making tilet for 
drainage, and hollow brick for building purposes, received a medal in 
this Glass, as an implement adapted for Ihe use of farmen. A man 
and two bovs, it wm st.'vled, could moke wltli ^t. 1 .CMU V\\i£b dl -tV^v,^ 

kMiii»B»«»iirtwtoaftera.W0faciUaii1nAat,v "* ^ 
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was about £20. A large steam-power machine for the mannfactore 
of both solid and hoUcw brick was shown in operation, by H. Clay- 
ton & Co. This machine was a ** combined three-process machine" 
for clay-crushing, pugging, and brick-moulding at one time. It is 
worked by a 12-horsc power engine, and is capable of turning out 
from 20,000 to 30,000 solid, perforated, or tubular bricks per day, 
according to the quality of material used. The exhibitors claimed 
that, combined witli their patent system of kilns and drying apmara- 
tus, these machines have, where they are adopted, reduced brick- 
making to a regular factory system, which can be carried on, inde- 
jKindently of seasons or weather, uninterruptedly throughout the year. 
The peculiar mechanical di(iieulties necessary to be overcome in tbo 
production of a practically successlbl brick-making machine do not 
seem, however, to have been as yet accomplished. All experiments, 
necessarily, have had to be conducted on one of two essentially 
different principles: by "compres8ion," i. c, forcing the clay, either 
in a wet or dry state, into moulds to ir>rm the brick ; or by ** ezprea- 
sion," t. «., forcing the clay, in a plastic state, through a die which 
should consolidate and shape it during its passa«^e. Both proeeaKS 
have been extensively and variously tested. With the former, great 
difficulty has been found in perfectly filling the mould, whether with 
wet or dry clay, the lower corner of the brick remaining imperfect, 
even afler the clay had been submitted to enormous pressure while in 
the mould. Another difficulty was in delivering the brick from the 
mould rapidly, and without injury to its form. In the use of dry clay, 
the inconvenience from each of these causes was, perhaps, somewhat 
less felt, but this involves the erection of an apparatus for crudbing 
and sifting, beside the cumbrous and expensive pressing machine, 
and the quality of brick so produced is not generally admitted to 
equal that made from plastic earth. In the ** expressing " machinea a 
serious difficulty was experienced at the outset in moulding throogh 
dies so as to Ibrm a perfect rectangular stream of solid clay, the 
increased friction at the angles of the stationary plate die causing the 
mass to come out ragged at the edges, at times fracturing even the 
brick itself. Very many methods have been tried for obviating this 
difficulty, and in the Clayton machine, above noticed, it is claimed to 
have been effected by giving to the die orifice revolving sides. The 
working surface of the die-rollers is, further, constantly lubricated 
by means of branch supply pipes passing down from a water resei^ 
voir above. The clay comes out alternately on the two sides of the 
machine in a continuous, smooth, and solid stream, with sharply<^e- 
fined angles, and there remains only to cut it in proper breadths fbi 
forming bricks. There were, beside this, a score of brick-machines 
exhibited in the building, from Great Britain and various European 
countries, indicating that whatever apathy may have existed on thia 
subject in the past, there is none now, and that the days of hand 
brick-making are over; for from among so many, each possessing, 
doubtless, some irerit peculiar to itself, there must, ere long, oe educed 
a machine for i-ianufacturing "perfect bricks" with economy, even if 
it has not already been effected. 

The display of glazed stoneware in the English department was 
mast extensive and interesting. As exaxn^\«ft q£ hs^'^^ B^^f^ftajticMia 
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rcctan^lar. Both wcru bTiilt of liollotr blocks, j^lazei) on bolh siilea, 
and fitted together with a double dove-toil loiit in a fine water-proof 
ccmunt, and Turroing a »olid nnll. The/ were clean and excellent, 
and probably cheap and durable, as was staled of tbem. At the same 
stand were lar^^o ke^» of the stoneirnrc so praiDed and colored as la 
require close inspeclion to convince one that tliej nere not really made 
of oTkkcn stavca with hoops of brass, as they seem to bo. They were 
neatly Oiled abio with faucets of earthenware. These last am much 
in favor in England for general purposes, being most perfectly fitting 
and trustworthy. 

The display of ornamental tiles, made by the well-known firm of 
Minion & Co.. was especially tnteresltu", as showing Ibe great variety 
of uses to wbicb Jhese colored plaques of variuus materials have hecu 
applied. In addition to their use for the flooring of door-steps, con- 
servalories, and halK they are now applied for tbe adornment of the 
fronts of shops and houses and for inner walls of apartmenta. In bath- 
rooms, particularly, the use of these tiles for overlaying vertical sur- 
faces is most desirable, inasmuch as they are impervious to wet, and 
give to tbe wall a hi^hlir ornamental appearance. 

Fumilure. — Chairs in which painted panels were introduced in 
imitation of medimval work appeared quaint, but rich and beautiful. 
It may fairly be questioned whether it is judicious to place pictorial 
works in a pKJtiou tn which they are bidden when ibc object which 
they adorn is in use; bnt, allowing such to be legitimate, these were 
placed in a very skilful manner, for the panels were smaii and deeply 
sunk, so that the projecting styles fully guarded them from injury, and 
the lor^ central panel against which the back rcst« was filled up by a 
projeetin.;; cushion. Cabinets and chairs enlivened wllh plaques of 
colored stones, and others wbivh had the curved surfaces of their 
's enriched with inlays as well as the fiat surfaces, were other 
_ceablo objects. Library furniture in the Pompeiau style was both 

k\ and b«»utifu1. 

'^Jttettrg and the Preeious Afetalf. — One of the generally acknowl- 
edged gems of this department of the Exhibition was a silver table in 
rtpoaest work exhibited by the famous electro-platiirs, the Elkjog- 
tnns, and executed by M. Morel Ladeutl. Ilrpouni work, we may 
premise, is the slowest and auat difficult mode of working in silver. 
The relief on tbe metal is all beaten out from the inside by means of 
an iron rod. one end of which is placed in contact with the plate, 
while tho other is struck by a haumier. When skilliilly pcribrmi^l, 
the labor is rep«d by tha superb efliict obtained. The value ot 
the table under notice, i. e., as a work of art, was sixteen tbou* 
■lod dollars, and tbe time consumed in its manufailure witi three 
years. Tbo subject of tbe work b Sleep, — the drowsy divinity, the 
terminal figure at the top, scattering popjHes over three slntuoltes, 
from which the stem of the table springs, — a minstrel, asoldit-r, and 
a biitbandman. The varied dreams of these thrca arc reprcMutvd 
in ihi' ein'umfcronec of tlio table above, and reprtiMtnli"! with such 
a 1 sQch breadth and deptb of shades, that, with lliu soft titoic 
' " i ailver, the cflcct of ih'a Tior\;«m cS VW ■«otV isjaasn 
— ' -t « fine engravion i\ia.ri a ■*—•-" ^—'--Ma'A '»^- 
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of the solid silver. The art of enamelling on precious metals in tbe 
high artistic acceptation of the term has been virtually lost to jewel- 
lers for the last century and more. In India it still Imgers among a 
few families of the native jewellers ; in Europe it has almost disap- 
peared. The Messrs. Elkmgton, of England, are now making an 
effort to revive this lost art, and exhibited numerous objects illustra- 
tive of their progress and success. The pattern is first cut out ot* the 
metal ; on the hollow spa<ies thus formed the enamel is placed, and 
fused under a violent heat When cool, the rough surface is polished 
on a stone lathe. A dessert service in this stylo was very beautiful, 
being in the Pompeian style, the enamel employed being turquoise 
blue, red, and blacK. Its value was ten thousand dollars. A magni- 
ficent electro-plated dinner service, some of the pieces of which were 
executed in tne enamel st^'le, — made by this nrm for the Duke de 
Brabant, — though not of silver, was so elaborate in its design, and so 
finished in its execution, that its actual cost was estimated at thirty 
thousand pounds — one 'hundred and fifly thousand dollars. Messrs. 
Hunt & Roskill, of London, displayed an elaborate silver candelabra, 
made for the Marquis of Breadalbane, to display his celebrated collec- 
tion of the Poniatowski gems. It was so constructed as to hold lamps, 
round the globes of which, in silver-gilt bands, the gems were set, so 
that the light shines through them, displaying the colors of each, and 
the minute design which enriches them. The body of the candelabra, 
from which these branches sprins, likewise contains a magnificent belt 
of gems, and into this, also, a light is introduced to set them off to the 
best advantage. Between the jXaques of repousse work here, the body 
of the vase is filled up with iron, damascened all over with the most 
exquisite and minute arabesques in gold. 

Emanuel, of London, showed a gold cup, representing the fiible of 
Ferseus and Andromeda, in which advantage was taken of the pecu- 
liar form of a vei^ large topaz to cut it into the shape of a small navti- 
1ns shell, and this stone forms the cup proper. All the rest of the 
work, the stand, stem, etc., was of gold enamelled. The dragon, a 
most Raffaelesque monster, is made to subserve the purpose of a han- 
dle, and waits, open-mouthed, for the descent of Pegasus and his rider. 
This cup sold (lunng the Exhibition for $10,000. In the same cam 
with the above was exhibited a very fine specimen of gold work in the 
shape of a toilet mirror, which was made for the late Sultan of Turkey, 
as a present for one of the ladies of the harem. Its cost, it beingjpro- 
fuscly adorned with precious stones, was £10,000 ($50,000). vvitk 
this another present was to have been made to the same favored lady, 
of a stereoscope in ivory, enriched with rubies and emeralds ; and this 
cristly work was also shown, though, as the laws of optics could not be 
uioulded to suit the requirements of jewellers' tastes and fashions, the 
stereoscope in its dress of jewels remained quite as angular and ugly 
in regard to shape as one of common mahogany. 

In the speciality of precious stones, the display of the Exhibition 
was, probably, the finest and most extensive the world has ever seen. 
It embraced the well-known Koh-i-noor, with a companion diamond^ 
weighing seventy-six and one-half carats, belonging to the queen ; 
the celebrated *^ Star of the South" diamond, larger than the Koh4* 
BOOT, and owned in Amsterdam *, and tVkTci^ o^ \.\^ utk»ix» T\i^<^>BUQc«^ 
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wluvli, foDod in the treafurj of Labort^, Indtn, were conriacatcd and 
given to Ibc quni'D. They ore i^n^avcd wiili dates of the Molijun- 
luedan era from 107(1 to ll'iiS. Uthor curiostiea were — an emerald, 
almost nitbout a fl.iw, weigbiti^ ono hundred and fift/-aix carats; 
nDOtber emerald, imperfect, weighing three hundred and acvcnt]'- 
eevoD carat», and claimed to be the lartc>^t '<■ the world ; a mlij, 
weighing ono hundred and one rarats, and a small profile likeueBa of 
thi: queen, not much larger than a postage-^tamp, nrhiiih was composed 
of Doarlf twelve hundred minute IJut di^tini't Lliamands. Emanuel, the 
celebriited London jeweller, thawed many spuiimens of an old fashion 
of seuing; precions slones in ivory, that is, ■' ivory-jewelry : " and a 
more attractive wiling lor some tinds of gums, vIk., that styled tha 
'*|>iok coral" jewelry. This material, however, has nothing to do 
with coral, the pink base in which (he jewels arc set being cut out 
of n delicalcly-tinlcd shell found in the West Indies, wiiich much re- 
sembles rose-colored motheiMif-pearl. With the aid of this shell and 
Ibu ivory some remarkably beauliful combinations are produced, es- 
pecially when the jewels are carefully chosen to suit the settings. 

Other novelties in jewelry were the so^alled " rock-cryslal broocb- 
ca," engraved like intaglios, and painted from the back ; their cuHm- 
ity consialing almoat entirely in the excellence of the painting, which 
requires creat skill, inasmuch as the first toneh of the brush Diual also 
neeeuorily be the last ; the " granite jewelry," manufactured in Aber- 
deen, Scotland, some specimens of which were very fine, the grain of 
the stone revealing! depth and richness of hues; and a cup, token from 
the Emperor of China's palace, made of a human skull, inlaid with 
precious sloncs and supported upon a massive ffold pedestal. 

In the French department a most curious exhibit was made of arti- 
ficial pearls and gems. Ono exhibitor showed ten strings of pearls, 
one, real, valued at twenty thousand dollars, and another, false, worth 
two bunilred dollars, and defied connoisseurs to distinguish, by sight 
alone, between the two. The false gems, lor which the Freneh are 
so juilly celebrated, were exhibited in every stage of manulaclure, 
Ironi the moss of paste eompoeition in the crucible to the cut and set 
stones. Here, again, tho eye is completely at fault, the taste of the 
Btanufacturer leading him to diicanl all cztravaganccs, (he more 
cocnpletuly to deceive. The price of these fictitious gems was, how- 
ever, very high. 

<4JHmtnun> was Khown in a great variety of useful and ornamental 
Ibriiis. We would specify soldiers' helmets and sextants, both won- 
di-rlully light ; abo aoor-keys of alaminum alloyed with a small pei^ 
cvutage ol nickel. A fine display was made of fancy articles com- 
poKcd of t4.-n parts alloyed with five of copper, the whole an allov of 
grvat hardness, of the exact color of gold, and almost as free from 
Uiibillly to tambh as the precious wetM itself. At present the price 
of aluminum has fallen to about seventy cents per ounce, and for 
jeweller's work one ounce of aluminnm will go as far as five or six of 
rilvcr. M. Garepou, of Paris, now furnishes aluminum wire at from 
MXly to ono hundred per cent, cheaper ibnn silver wire of the simu 
uxp. IIu exhibited in the ICxhibiUun arliclcs of lace-work, cpaolcla, 
^f yj^F fibiiu, huad-driuses< etc., with lUOUCAuiij^ uA om«BU£D\« <M!ai- 
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In tbis department was exhibited an ingot of platinum, weighing 
orer two tons. 

PAINE*S SPRAT SUFERnEATED STEAM-ENGINE. 

This engine, for which steam b generated on a very ingenious prin- 
ciple, differs from an ordinary steam-engine in the following eaaeii- 
tials : For the latter, as everybody knows, a boiler is used containinj;^ 
a considerable quantity of water, to wliich the heat of the furnace it 
most directly applied, and from which the steam is generated. Such 
a boiler is a magazine of force, because it contains a far greater 
amount of steam and heated water than is required to supply the 
engine at each stroke. Herein consists the danger from explosionB 
in conunon boilers. A hot-air engine has no magazine of force like 
a steam-boiler. Its heater is supplied with the exact amount of air 
requisite for each stroke, hence its immunity from explosion. This 
new engine embraces a similar principle. It has a peculiarly con- 
structed heater, into which the exact quantity of water for each stn^ 
is fed in the form of spray, then it Hashes into steam, and passes over 
an extended heated surface to the working cylinder. 

A single acting engine, working in New York, has the following 
dimensions: — Its steam cylinder is seven inches in diameter; the 
stroke of piston, seven inches. It is situated upon a small tank thirty 
by thirty-four inches, which forms the bedplate and the heater of the 
feed-water. The feed-pump has a stroke of one-fourth of an inch, 
and the water is fed through a quarter-inch pipe. The steam-heater, 
outwardly, resembles a vertical cylindrical stove. It is thirteen incfaee 
in diameter, and thirty inches in height. There are nineteen doable 
tubes inside, and the steam passes between these, and is heated on 
two ades. The circular grate, containing the fire, is capable of being 
adjusted by a lever, and set at any required distance from the bottom 
of the heater. The steam exhausts into the tank upon which the 
engine stands ; the feed-water, nearly at the boiling temperature, is 
conveyed into the heater in a fine shower through a small conical 
chamber on the top of the heater. A small quantity of superheated 
tteam is contained in the heater, and the feed-water, in the form of 
spray, is instantly converted by it into saturated steam. The pipe for 
supplying the cylinder with steam is situated nearly at the bottom of 
the heater ; hence the saturated steam fbi*med from the feed-water at 
the top of the heater has to pass in a current between the double 
tubes on its way to the cylinder, and it thus flows over a very ex- 
tended heating surface and becomes superheated. A constant cur- 
rent of steam is maintained in this manner over the heated surfaces 
of the tubes. By such a heater and such arrangements of the parts 
of the engine, nearly all the heat is economized, and a perfectly safe 
iteam-engine is secured. If the feed-pump were to cease working or 
tiie supply of water to become exhausted, the heater would become 
fike an empty oven after a few strokes, and the engine would stop of 
Itself. For pumping water, printing-presses, sawing wood, and various 
'tions reqmrin^ a small motor from one to ten horse-power, this 

Spears to be well adapted, as it is compact, safe, and eaaily 
— Scientific American, 
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The principle of fon:ing pni^kager, etir., throagh a tube or con<Juit 
by means of atmospbcric prwBuri', ia about to be applied practically 
and upon a large teals in London (see Annual of Scienttjia Diicoe- 
erg, 1861 and 1862) for conveying or pumpins the mail from Enston 
S(|nare (a ^reat railroad depot) to a pcal-otliee etalinn some miles 
distant The tubes to be used lor llib purptniv, and wliicli arc lo bo 
lud underground, are about three feet in iiimncter. and of the form 
of a horBe«hoe. At the bottom of the two aiiw of the tube is n 
slight projeolion, vhich doea duty as a line of raih, on wliieh tlio 
carriages roll along. The latter have a board behind anil i[i ft'ont, 
which 6ti into the tube, but by no means in an dr-tif;ht manner. It 
is said that this is not in the feast nwesanry, and tliat it was a preat 
mistake on the .part of formiT whemeiii in almopnlieric railway-? lo 
encumber their tubes too much with waddinj* and botsterin!;, which 
led to a ^atcr loss by frietion tlian was gained in power. To allow 
for the inequalities of the tubes, there la more tfiau half an ineli 
■pace between the outer sbell of the boxes and the inside of the iron 
pipe, and it is found that even with this margin tliey travel at the 
rate of forty miles an hour. The tnbc is cxhsuated by an apparntus 
called a" ccntTJIiigul disc,"con:!!(ing ot' a hollow wheel, twenty-one 
feet in diameter and but a few inches in tliiekni-ss, which in ita centre 
literally sucks up the mr and discharges it at the outer edge. This 
is cflccted by a ilivision of the disc into a number of small chambers, 
which act like so many fans in gathering and emitting Ihe air. It is 
a very nmplo and beautilbl conlriranee, which is found to work ad- 
mirably, much more eiScient and very considerably cbeaper ii 

action than an air-pump. A smatl steom-e 

movement to the lime of from two hundred b 

tiona a minul«. It requires but a short time 

tube several miles long to a sufficient rslent 

of letters and pareehi Judging from the sue 

already made, the si'hcmc bids fair to be realized before long on a 

grand scale, and produce a revolution in the disnatcb of letters aa 

f-eat at least as that of Ihe inlroduelion of Ine penny-postage, 
hero seems no reason, indeed, why our letters should not be earned 
to us in pipes underground as well as our gas and our water. 

THK MONT CEXIS TLNKEL. 

Ai the work on this great tunnel is now otlvancing, day by day, 
with su-^h a regularity and auei'ess as lo remli-r it one of ibii most 
wonderful of enpincuring feat* in the woi'hl's rwconl, a brief review 
of the history uud progresi of the enlcrprise will not be found uuin- 
terealinj;. 

Tbc tunnel, it may be premised, 'a in the cnnrsn of construction 
under the auspicci of llie Sanlinian povi^mmeul. and is intended (o 
»ubst'r»e t lie purpose of railiiay comumiiitMliiiii U'lwoi'n I'icdmiint 
anil Savov. It imwu's bi'ne.'.th n'lut ia kiiu»n ns tin' Frcjus ICIdgc. in 
tbo vieimiy of Uout Ccui* ; has nn avemgc di-ulU of fthoM & vsila 
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in depth were out of the question, it was determined in the oataet 
that tne tunnel should be worked Lorn the extremities alone ; that is 
to say, that (bur miles should be worked from one end and four from 
the other. These condiiions, however, involved two great difficulties: 
one, the immense time which it would take to excavate so long • 
tnnnel from both faces, and the other the apparent impossibility^ of 
yentilating it during the progress of the work. In order to obviate 
these difficulties, various plans were proposed, but, after considerable 
consultation on the part of the engineers intrusted with the matter* 
the following arrangement was adopted. Air in the first instance is 
forced into reservoirs, from whence it flows unifprmly through a tube 
into the interior of the tunnel or heading. This air is first used te 
work the tools for drilling holes in the face of the rock, and then al^ 
lowed to escape in the tunnel-shafl, which last secures a perfectly 
good ventilation. 

As this hydro-pneumatic machinery is the principal agent used in 
carrying out the work, it is necessary, in the first instance, to gel a 
clear idea of the manner in which it acts. Some 30 or 40 yards wove 
the level of the plain there is a reservoir of water, filled by a canal 
that is fed by a supply from a mountain torrent at some considerable 
distance away. From this reservoir there are ten iron cylinders laid 
on beds of masonry against the steep slope of the mountain, each of 
which can be made to receive the water from the reservoir by open- 
ing valves up above, in which case the water rushes down into iron ret* 
ervoirs for storing the air, one of these last being connected with each 
tube that is laid against the side of the mountain. 

The way in which the air is forced into the iron reservoirs is as £bl« 
lows: Each tube that comes down the side of the mountain, and 
wbi^'h is about two feet in diameter, is continued on some ten or 
twelve fiitii billow the floor of the atelier^ or building in which the 
restirvoirs are platted, after which it is bent and rises up perpcndicu* 
larly^or rather the main tube communicates underneath with a hollov 
Tertical column from 12 to 15 feet high, in the top of which is a valvie 
OfNining downwanls; there is also another valve to separate the slop* 
Ing part of the tube from the horizontal portion. The whole of the 
tube*, including the sloping part between the water reservoir on the 
sido of the mountain and the flow of the atelier ^ the horizontal pait 
beneath the floor, and the vertical part which rises in the atelier some 
12 or IG feet, form altogether a siphon, in which not only the 
weight of the water acts, but abo the momentum of the water de- 
scending all the way from the lofly mountain ridge whence it origi- 
nally proceeds. We may suppose the whole of this siphon filled By 
water, to begin with. The first operation then, in working, is to close 
the valve at the foot of the sloping part, and afterwards to discharge 
tho water in the horizontal and vertical portions of the tube ; this 
being done, tho valve at the top of the vertical column falls down and 
admits the air. Tha valve at tho foot of the sloping tube is then re- 
opened, and the one at tho top of tho vertical column closed ; the 
water then rushes in and compresses the air in the shorter end of the 
siphon to six atmospheres. This water afterwards is disc;harged as be- 
fore, and fresh air admitted ; but it should be understood that when 
uris compreaeed in the upper portion q£ \\i<^ N^T\i<(sx^ t^^'W^^ot^i 
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« «way at once bj small tubes into the iron reservoir (which is of 
the rfiDpc of a pontooD). Each ccDlsina nearly O.GOO culau feet of 
air, ia about 33 feet Iod^, and Dcarly 6 foct in diameter. All thcM 
operations are elTijCled in much Icn time than it takes to dpMriba 
them; and the opening and sliutting of the Talvos of alinteMatH/n and 
diteharge are cfToctcd opportunely, without the intervention of human 
Md, thanks to the autoaiatic action of a small apparatus, regulated . 
Guitibly hy a column of wal«r. 

The air in pawing from the upright colnmn into the reservoir loeeo 
some of its dunaity, and has only a pressure of four and a half a[nia»- 
phi^riis. The bottoms of the reservoirs are filled with water, which is 
displaced aa the compressed air enters; tlus is supplied by the nuallcF 
tubes, whiah descend the side of the mountain between the larger 
ones, that is, they have 6ve large water tubes on either side of them. 
These reservoirs are furnished with water-gnu^cs, by which the quan- 
tity of air and water in them may be seen and regulated at any time 
by the mechanical engineer in charge of the works. 

The cylinders being always kept sufficiently full, according lo the 
judgment of the engineer, the apparatus is constantly in working on 
der; and the operations of boring the holes for blasting in the head- 
ing, and a constant supply of fresh air in the tunnel, are a natural 
cODseiiuencc. But before proceeding to describe the operations of the 
boring-machines, and how they arc put in motion, wc may mention 
that 7.924 strokes of the machinery per day produce about 51,000 
cubic feet of compresaed air, which flows away into the cylindetv of 
the boring-machines, and eventually into the tuunel, which it venti- 
latea admirably. 

The principle of the machinery for boring is extremely simple. 
The machinery consists of two essential parts, — one the apparatus 
for driving the cutting tool into the rock and withdrawing it, so that 
ihe blotr may be repeated while at the same time it is made to take a 
whole turn on its axis, now towards the right and now towards the 
left ; and the other, the machinery for advancing the bed on which the 
cutting tool rests as the work goes on, so that the anger or borer mar 
constantly advance as tbo hole is being bored, and may be kept welt 
up to the surface it has f^i operate upon. Both portions of this ma- 
chine are worked hy meann of the compreased air. 

The lirst or cutting part of the macliino is a long borer, which in 
reality is fixed upon a continuntion of the piston-rod, working in a 
cylinder into which the compretsrd air is admitted fore and alt alter- 
nately, so as to drive the piston forward ag^nst the rock and withdraw 
it by a bock and forward motion, while a turning motion is given at 
the same time. The edge of the borer is in the s^pc of the letter Z, 
so that, in turning and returning, the substance of the rock is ground 
awaj' in the hole, as well as pulverized by impact. 

Six of these borers, with the machinery for driving them forwards, 
sis reservoirs containing water, which is forced in a constant jot into 
tbo bulo while the boring is being performed, so aa to facilitate opera- 
tions and clear away the dcbrit, and apparatus for lighting by gas, are 
nkouutcd on a railway-carriage frame, and the wliole work* in a head- 
ing 11 liait fl inches by 1 1 feet, It drivtn holes in t-tw wtt x^ . 
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either horizontally, vertically, or obl-qiiely ; as many as eighty are 
sometimes driven in the face ; but they arc not all charged with pow* 
der, the object in making most of them being merely to facilitate the 
breaking up of the rock when the powder explodes in the others. 
When the holes are bored the machine is drawn back upon the raib 
to a distance of about fifly yards ; great wooden doors are then shut 
to prevent the blastini; from doing any injury to the machinery ; and 
the holes are filled with powder, the fuse lieing used to ignite it. The 
blasting takes place twice in twenty-four hours. The machine is re- 
moved the fifly yards and returned to its place in ten minutes. 

It requires a long time to get rid of the foul gases produced by the 
explosion of the powder : it is found that from one to four hours and a 
half are necessary to remove the vapors and the debris. From this 
cause not more than about five feet of the heading can be done per 
day en each side, at which rate the tunnel would not be done for ten 
years ; but there are machines being made now which it is calculated 
will eflect a saving in time of 30 per cent. ; so that, if nothing unfbre- 
seen happen, the whole tunnel can be finished in about six years 
more ; or, if new improvements are successfully introduced, it may be 
completed even in a less time still ; and this will very probably be the 
case, for there are means of using the machines more expeditioiialy, 
and experiments arc being made to see how far they can be taken ad- 
yantage of. 

However that may be, the great work is now assured, and it is only 
a question of time ; the machinery is so perfect that everj-thing goes like 
clockwork ; and the great desideratum of making a long tunnel with- 
out shafts having been obtained, there need now bo no further doubt 
about the success of such undertakings. 

The sides of the IVIont Cenis Tunnel are lined with the stone exec- 
rated in the tunnel itself, nicely worked, while the roof is lined widi 
four rings of brickwork. It should be also stated that there is a main 
tube which passes over the ten iron reservoirs, and this is in communi- 
cation with them by means of short pipes ; this tube is continued to the 
far end of the tunnel, and conveys the compressed air to the boring- 
machines, into which the air enters by means of small pipes of vulcan- 
ized India-rubber. 

The tunnel has vertical walls and a semicircular roof; the linins is 
carried about a foot below the roadway, and makes a mitre joint with 
the rock, so as to convert the substratum into a natural invert The 
tunnel itself is 26 feet 3 inches wide in the clear, and its height in the 
centre is 24 feet 7 inches. 

The total length of the heading on the Italian side is 3,530 feet, 
while that on the Savoy side is 2,G20 feet ; and the length of tunnel 
taken out to its full dimensions, lined and finished, is about 6,000 
lineal feet altogether. 

In the headings there are constantly employed at each face thirty 
men to* direct and attend to the working machinery ; six men and 
thi*ec boys are kept for the purpose of blasting the rock ; and six 
additional men are occupied, when it is necessary, to remove the 
debris aUcr the blastin;? has taken place; besides, there arc numer- 
ous workmen working the tunnel out to its I'ull dimensions, lining it, 
Mad so oa. The tunnel is at prosenl in ovi^ t^XxjJ\^vvt \vcks^\ W^ \a 
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^^fer to enable tlie trains to tum into llio iharp vallev, it kIII ba 
ncrcM:ii'}- to Itarn tlie rncriincu in a curve. Tlia ciirvcil part of the 
tunnel is noir Iwitig coninK.'Uf:iiil, and vrill join the Btraigtit part at 
alioat SJ<> yards from ita present lumporary entrance on the Italian 

Tbo tannci will bavo a rontinuous gradient, falline from the Savoj- 
end tutrardi Italr, at lliu ratu of I in SOO. U 13 U) De regretted that 
tli<! approiii.'hi^B nru m steep, bi'iii^ on an nrerage 1 in 50 on one side, 
ami i in 40 on tlio otiier. It woalU bav« be<;D far bellcr to bave 
moilc the tunnel Fouietrhat lonjrer. so as to have avoided a continuBl 
Bourcu of wear and tear, both of trains and rails, nbich will be a per- 
u'uul charge npon thu line. The height of the tunnel at its Italiaa 
ce aMve the level of the sea 13 -1,331 feel. 

NEW KUDRER. 
iw rudder, the patented plan of Mr. Lumle^ , has recently been 
trial by the English admirnlty. lis peculiarity consists in its 
cut in two vertically, and the Iivo parta being connected 
iogethtT by gudgeons and pintles in a manner predsely similar to 
the ordinary method of hanging a rudder to a ship's stcrnpost. At 
the outer part of the rodder's alWrpicce are attached two chain* 
which pass through the main piece of the rudder, one on each side. 
The result of thid arrangumcnt is that on the rudder's being moved 
over either to slarbourd or port the chain bcL-omes taut and brings 
the outer piece ol" the rodder over at a sharper angle than the main 
piece, and thus pteaenta a hollow surface to, and obtains a greatef 
hold on, the water than can be obtained with the ordinary rudder, 
and without bringing any very great strain to bear npon the gud- 
geons and pintles. 

ELECraiC TELEKRArK AND 0A3 ON SHIPBOARD. 

One of the new iron-plated frigates recently launched in Groat 
Britain — the Renstance — has two snccialities of equipment which 
are seldom found on board ship, — the electric telegraph and gaa. 
The former forms a communication between the lure and after 
bridn's, and by the officer of the watch, at sea, moving a handle on 
a dial-plate, a iioeiile in a case hinging in front of the quartet^ master 
at the wheel points to the signal wisheifto be given, — starboard, port, 
or steady, as required. Tlie whole arran«ement is very simple, and 
cannot well bi- misunderstood, either by the officer working tbe han- 
dle on the forwani briilge, or the man at the whei-1. The gas is mao- 
ufjitured frtan oil. The gasoroetcr is on the ujiper deck, between 
t\^: boom boats and Imforc the main hatchway, in a small caboose. 
Tlic oil, flowing from a reservoir fhrough a email pipe, enters a retort, 
i.'tieuL'C the gns generated by the I1c.1t passes into tbe easomctcr. 
From the gasometer a pipe conveys the pas below to the engine- 
room and li^row alley, whicn lost is lighted by twelve bumen. 

DOL'UI.E SCUEW STt^.tSlSUtP. 

pTke experiment of fitting u vciuiel with two screws and engine* 
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been made sacce5sful in Ensrlnnd. The vessel in question it of iroB, 
four hundred tons, and one liundred and sixty feet in length, hmving 
two independent engines and screw?, with a collective nominal hom- 
power engine of one hundred and twenty horses, the screws workinc 
under each quarter, and conse^juently before the rudder, in lien of 
the present s}'stem of one screw astern and abafl the rudder. The 
use of two screws in the propulsion of ships is nothing new ; bat HboBf 
it is stated, is the first instance in which a vessel has been fitted with 
two screws and engines working separately and independently of 
each other; and herein lies the value of the principle m a militaix 
point of view, as giving a ship a means of rapidly revolving under 
steam, and changing her position to any required point. In tbc trial 
trip, the following experiments were made with a view of testing the 
capability of the ship for rapid turning within a small space. The 
first was made with ooth engines, going ahead at full speed, and the 
helm hard over, when the first circle was made in three minutes and 
fourteen seconds, the second in three minutes and thirteen aecondii 
and the third in three minutes and sixteen seconds, the diameter of ' 
the circles being about three lengths of the ship, and lessening each 
time. In the second experiment, one engine and screw worked 
ahead, with the other going astern, and one circle was made in three 
minutes and thirty-nine Si>conds, and another in three minutes and 
forty-nine seconds. In making these circles, the action of the sfaip^ 
hull was extraordinary, the central part being stationary, and bokk 
ends moving round equally ; the circle was made on a pivot from tiie 
ship's midship section. The vessel was then put in a straight conne, 
stopped, and from a state of rest the engines were started, one ahead 
and the other astern, tbc circle being completed in three minotes and 
fii\y-five seconds, and the diameter of the circle being, as betoe^ 
within the ship's length. 

UNSIKKABLE AND INCOMBUSTIBLE SHIPS. 

During the past year there has been constructed and launched in 
England a screw-steamer, which is claimed by the builder, Mr. CL 
Lungley, to have two great and novel advantages, viz., safety frooi 
destruction by water, and, to a great extent, security against fire. 
Each deck of the vessel is distinct from the others, having no comnni- 
nication with them, but having its separate hatchway or entnuice 
from the upper deck ; the object of this arrangement being, that 
whatever injury may be incurred by either one, or even by two, of 
these decks or stories, the other or others will float. Thus, for 
instance, should the lower or keel deck be knocked away, the two 
upper decks will float the ship ; or should, either from a collision, the 
starting of a plate under the wateivline, or from a shot or a broadside' 
penetrating tl e sheathing, one of the intermediate decks let in the 
water, even to the extent of filling the compartment from stem to 
stern, the buovant power would still remain, and the vessel woold 
not only float, but be perfectly manageable, the water merely rising 
up the trunk hatchway of that particular deck to the level of the 
water-line outside, allowing full opportunity for a diver to deseendf 
Atd out the place and extent of tbe inyn^^ vtA TCE^wts Vu S£ " 




r, iftcr vliich ihe water might bu puDipcd out a,nil the eiiip 

The same nibiUrUion of iie<^ks which alTords the security agunit 
ntire tubmenion. cnsnreB proteciion acai"^ to^l dei<tn»:tion by firo. 
a the CTent of a Src'a being iliscovi-redon either deck, the hat^'hiray 
r that deck would be faitened down, aiid, the supply of air being 
ini cat off, the fire would die out of itself; or if the fire bad got too 
inrh lioM upon the ship to allow of tbia, then the entire deck in 
'hieh the conflagration was ragin" might be filled with water with- 
r.t risk of other incoDveniencc than that of having to pump it out 
gain- 

The practice of dividing iron ships into water-tight compartments, 
■ith tlie riew of preteuting their sinking, lias l)een followed for many 
etn, but the diTiraon walls hare, in all eases, been transverse; that 
; each deck has been divided by water-light iron bulkheads into 
iree, four, or more ficparate rooms or apartments, — the impression 
ring that ibouid one or two become by teaki^o filled with water, 
ten would be buoyaney enongh in the others to keep the ship atloat. 
Ixperieneo has, unfortunately, however, — and the case of the Cun- 
tmghi is a pronineDt iuBtance among many, — proved the unsound- 
en of this theory. The fact is, that when any one of the compart- 
lents becomes filled with water, the vessel ia unduly depressed, and 
o longer taih with an even keel ; but by making the decks them- 
•Ivea the watei^tigbl divinoos, the weight of the water, in case of 
^akage, is equalized over the whole surface of the ship, and the even 
eel, whifh is the main element of safety, is preserved. 



Daring the post year, the perfection of heavy ordnance, of projee* 
Ics, and of the art of defence, have constitiiti^d tlie chief tonnes of 
iterest and experiment with the naval and mihtary authonlies of 
oth Europe and America ; bat in spite of the most earnest and long- 
Dntiimed invcstiKations on the part of dlBcrent goremtnents, " so 
ttle," says Capt. Dalilgren, in his official report to the secretary of 
ke navy, Dee. 1st, I8C2, " is yet positivclj- known of the effect of 
rdsaim and the nnstance of iron plates in dilferent form?, that tha 
blett ■]]() most experienced cannot agree in regard to the armor beet 
llralated to oppose the most etfectual resistance, or upon the can- 
on that shall be employed to overcome that resistance. 
At the Hose of the year ISfil, the Roneral opinion in Great Britain 
rwl on the continent of Euiwpe ftbundcd on Ihe results of the 
ipcriments at that lime made public) was, that ships of nar pro- 

I'-'l by iron plating four and a balf inches in thickness were oisen- 
v Invnlneraole to the cflecta of shot and shell. (See Annwd of 
'■''Jlc Dt'cnfrrt/, 1 862, p. U.) 

\:< Ihe ^>ring of 18(12, ^ir William Armstrong having completed a 
ew ono-huDdml-and-filty- pound smooth-bom gun. arlditional cjipcri- 
lenta were made, under the direction of the English board of adinl- 

Si ftod in the presence of a large tiiinibi>r m wicitltfic, militc 
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The target consisted of five and a half inches of the best plate iion, 
fastened with through bolts upon a teak timber backing nine inches in 
thickness. As an additional security, iron platen ten inches wide and 
one and one-half inch thick were let into the teak backing, ftnd placed 
longitudinall/ at the back of the joints of the centre and top and 
bottom armor-plates. The target was, moreover, further fttren^nened 
b^ covering the ioints of the skin plates, longitudinally, wuh iiTe- 
eightbs plates eighteen to twenty inches wide, let into the back of Uw 
teak, and bearing against the outside of the skin. 

Four round shot were fired from the 150-pounder AimstrcMiff gim. 
The first three were cast iron, weight one hundred and fitty-«s 
pounds; the last wrought ii*on, weight one hundred and sizty-tvo 
pounds ; the charge in each case was fifty pounds of powder ; Ai 
rang*', two hundred yards. No. 1 struck the centre-plate (which is nine 
feet long and three feet and four inches wide) about two feet from the 
port, midway between the top and bottom edges. It penetrated the 
armor-plate, making a hole twelve inches in diameter, and, crushing 
through the teak backing, burst the ship's skin-plate open, "m^«^ 
three large cracks, through which splinters of wood protruded behiikC 
split one of the frames across, broke off the points and nuts of fear 
armor-plate bolts, and four or five wood bolts. Several bolts of the 
plate above were started by the shock. 

Na 2 hit the top plate (which, as well as the bottom plate, WM 
about eleven feet long and three feet four inches wide), made a hole 
twelve inches in diameter through it, and forced a way throti^ IJM 
teak backing and skin-plate. Largo fragments of the armor-plate, iiH 
eluding the front piece bearing the mane of the shot, were roand oa 
the ground ten or twelve yards behind the target, and five or six bolt 
ends and nuts were broken off. 

No. 3 made a hole, of the same diameter as before, clean Uiroogh 
the bottom plate. Large pieces of the shot and armor-plate paind 
through the target ; the cone of the shot, imbedded in the portioQ of 
plate carried away at the moment of impact, was picked up sooie yards 
in the rear. In addition to the hole through the armor-plate, its upper 
edge was split longitudinally a length of two or three feet, sliowiqg 
the lamination of rolled iron. 

No. 4 struck the centre-plate, and, being of wrought iron, did noA 
break up like the cast-iron shot, which invariably fly into frafimenta 
bnt flattened and stuck fast in the armor-plate, leaving one-Sird df 
its diameter outside. This effect arises from the ball sqnaUbing ool^ 
from its own force, and becoming too larse to pass through the hole 
made at the moment of impact. The diameter of the protmdiaf 
portion measured thirteen and a half inches, that of the shot beiag 
ten inches. The effect of this missile was more destructive tliaii tlisft 
of the cast^ron shot. Keeping entire, it does all its work in damagiiw 
the target, whilst the latter expend part of their force in de stroyiM 
tliemsetves. Lar^ pieces of the armor-plate were driven thnMn 
the target, crushing the wood backing to shreds, bursting a 
opening throngh the skin-plates, and completely smashing two 



The discharge of this shot brought the destructive actioa of tiM 
poooder to a dose, for tho gon burst in firing the fourth iwali 
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tho entiro brcech-cnd, weighing about ecventepn hunJred poui^Js, 
being blowa olT aod carried oat; huailrcd and &(ly tuet bi^liind. 

In theio experiments tbcre was no denying tbat tbe gun hid the 
best of it. Tko target was so fearfully mutitatvd, that if it liad been 
a ship aSoat, seeing the effect of only tour shnts, aha would have lieen 
in as bod a predicament as a timber ship. The injury to the armor- 
platea and to the skin and frame, creat as it wa;, was not bo dii- 
a.itrou3 as the destrui'tioa of tlie fasteniajii. Three-fourtlts of (he 
bolts which hold the [ilates were gone. Of thirteen bolta, with which 
the centre-plate was spi'nrcd, eleven were visibly broken. This danv 
age to the loitenin^ ariscJ from the plate, when struck, being bnlged 
and driven into tno wood backing, which aflbrda no support, but 
yields to the blow; consequently, the buttj buckle and itartwitha 
tremendous rebound from their bearings, tt^arlng away the bolts. 
Tiio throe plates were dished, tlriven in itt the pcnlre, and curled up 
at the cod^ one nine inches, and the other six or seven inches oa^ 
from the wood backing. 

It was further remarked, as a singular exception lo the elTccts of 
former target experiments, lliat the armor-plates were not cracked 
at tbe boU-liolcs. Tlio explanation seems to bo that the velocity 
and force of the projectile being so great aa to penetraW the plates 
thron^h and through, owing to the non-resistance of tho wood back- 
ing, the shot did its work without caunog tho same amount of vibra- 
tion as a shot at a lower velocity, on the same principle as a ritie-ball 
will piss through a pane of glass without cracking it. In former ex- 
periments, heavy shot at low velocities, and shell which produced 
only slight indcnCalJOQS in the iron, caused extensive cracks at the 
bolt-holes. 

But notwithstanding the doBtruclloo of the target in the-Hi experi- 
ments, tho result was claimed to be in favor of tho system of defence, 
rather than that of thu a'.tack, and for two reasnna; First, because 



, . ; and, second, because tbe destmction of the target was only 

efi^ted by an effort which also destroyed the gun, a risk not to be 
thought of taking on shipboard. 

Tho triumph of tho defence was, however, of short duration ', for 
the ru]>ture ot' the Armstrong gun Icfl the wa^ open lo other compet- 
itors, and a long-neglected piece, that had lain remote from view for 
•evciral years, was suggested as deserving of an opportunity to tr^ its 
powers. This was the so-called "Uontfall" gun — a wrought-iron 
snwoth-borc piece of ordnance of thirteen-incb calibre, capable of 
carrying a ball of two hundred and eighty-six pounds, weighing 
twenty-two ton», Hnd firt^-d at tho Blerscy Steel and Iron Works, 
Ldvurpool. A tur,;ul. representing part of the side of the armor-clad 
frigate Warrior, was used. It consiswd of four-and-a-hal 1-inch iron 
platvis liackod with eighteen inches of solid teak wood. Tho gun was 
fowled with a stJid sphorical shot, and a charge of seven tj-Gvo pounds 
mT puwdt-r. and it was plaucd at the usual di-taocc of two hundred 
yards from tbe lurgvt. The lirai shot was concluuvc. It amashvd 
through the endra target, and eompletely destroyed it for furUwr ex- 
perimeab 
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At a subsLiiuent trial, however, when the nogc "as increased fr> 
two liundreii to eight liuncired yardB, it was founU that iho HonI 
gun coultl not be relied on foraccarauf.aiiil ia fbcteould not bomi 
to iboot 8trfu»ht at the lattur dialancu. It Vfu^ consequentlj, tte 
practical purposes, considen-cl to be a not vfiry offecliro weapon. 

Other triau of a atill moru importiiit obarsi'ler naci-eedod. "Vkt 
were made with a Whitworth rifled brcwh-loading twelve^NHmc 
field CUD of roiuviorli bore, and a «evi>Dly-pouiid^r rifled naval gn 
the ouject of these trials Wia-g priui-ipnUy tu test the puDetratian 
Whitworth's tlat-Cronti^d hanleni'd shi'll* ii^aiiist amiot^plates. Hoi 
tofore, all shi lis, of awry description, firad i(;:;iiuEt ai-mot^plaU* ( 
tnoderatc thickneas, fajlwl to produce tlio least efi'L-ct utmn AiM 
They have aliraya broken like so many )i;la9S boitles, niarely injom 
the target with the flame of their explosion. Soeousiant andmnd 
ble wore these results that it was t:ikon oa an eatablished fact ik 
ve*ae]a coated with two-and-a-half i neb, or even two-ineh 
plates, would suffice to keep out any ehell. As Jt is only shel 
IB droBfletl in naral worlhre, the Danish, Pnusian, dud Ruwiaa 
emmeDts have each built puuboals covered with two-and-a-hali 
armor, confiilcnt that this is ample to protect their crews agaiatt I 
bnt solid Nhot. The espmrncnta wu are about to note, faowOTi 
proved the complete fallacy of this theory. The first trial waama 
with the twelve-pounder, which Bcnt a flatJronted solid steel all 
completely through aa iron plato two and a half inches Ihick-^: 
■light result, when we consider the lightness of the projectUe. ^ 
next trial was made with shell, fired from the same rified bwdl 
ponnder against a target of two-Inch armur-plati.'', with a baickiofj^i 
oak beams nearly a foot in thickness. The shull, ivitli a f— -^ 
charge of one pound and fourteen ounces of powiler. pM*ed .. 
both plate and Dacking, and buried itself in tlic earth beyaDi)> 
next, with a charge of one pound eleven otinces of powdar, ■ 
paued through the plate, bat burst in and shattered the timber ba 
■Dg behind. No fuse was employed with these shells, the heat g 
erated by the coocuxaiott agwost the target being KuQicient to iga 
the bursting charge. These resulte, unexpci^'d as ihev wer«, «i 
far surpassed by those oblAiocd with the soTentv-iiouiHler naval gnu 
when Gred with Nhell against a stronger target. ^Lis lai^t was con- 
etructed of armor-platea bolted upon an oak frame nine inchi^ thick, 
attached by a side traming lo a bock of oak four inches diick, coated 
over with two-inch wrought iron. The interval between the froo» 
and back frames wai betwcim two and three feet, the target being 
intended to represent the side of a ship. The shi>ll weighed, when 
choi^^, seventy pounds, and eonlaiued two pounds and six oun«e* 
of powder. Tliis, fired with a cliarge of only twelve pounda of pow- 
der, at the usual penetration range of two himdred yards, pitsed 
completely ihrough the four-ineh armor-jibte and ook backing, and 
burst in&ide the frame, shattering it to piecM. This startlin" result 
it should be remembered, was obtained, not by .1 (•im of unu 
weight (w calibre, but with one wei^hiiij; some Glleen liuodred pot 
less thKH the naval smooth-bore ninety-Cve-hundrcd-pound gun, 
with a charge of powder of only oae-ai3.lh the weight of the. 



^ MECOAJiJCS AND VtiEFL'I. ABT9, 53 

A neck (ubaequcnt tn llio date of tfaii above (•xpcrimpnts, oddi- 
liun:il trints ivt-ce luaile tvith a vipw of sct^iog nbetbcr tliu psirers of 
Ut. Wbitwortba gun nod iia llit>li'oiitc<l steel that trould ])roro 
eijuollj eBecUre iu the vasv of bvavjor orUoante, iniTcatied charges, 
and loDger raugcg. Tlio gtm ua^d to sellle thoae quegtioni was a 
niuzxIo-&ader, maauracturcd al Woolnith, on Sir W- AnmtroQK'a 
wrongbl-inHi toil principle, but with tht; licxagonol bore of Mr. 
WbiLworth's mode nf rilllii". llB weight was bcvcu tons and eight 
hundred ponnilii. its li'iit^th olieut Iw(>1tc feet, and its ealibra a 
t£0-paiuiuer, ihoUfib, in lait, ••njiahlc of and quite equal lo throwing 
■hot of at h.-fist duiibte that weight wiih perfei't tafety. It wan ptaecd 
oaapUtfnrm, aladistanrcot'six hundred yaitls from a target, twen'y- 
oue feet loag by fif'eeu feet high, eooetnielcd of Ibur-and-a-half-inch 
iron plates, eighteen iniThes of teak beams laid transrerwly, and an 
inner ricin cf iron fivoeighths of an inch thick, supported by mastiive, 
upright angle^rons. at intervals of eighteen inehes apart. The first 
esperimeotal shot was lired with a chaim' of twenty-three ponndx <^ 
jKiwder and a solid hexaoonal uliot weighing one hundred and twenty- 
oine pounds, the piece being laid at hall a di^ree of elevation- It 
struck tlie Ifft eeuire of the target within an inch almost of the white 
q>ot at whieh it wnx aimed, and at the instant of thK tremcudous con- 
cuannn of the metals a bright sheet of Asme was enutted, almost as if 
a ^n bad been lircd from the target in reply- This shot pawet^ 
cooipletely through the armor-plate, shattering the teak beyond into 
minute splinters, and fell lull u]>on one of the maieive vertical angle- 
irons we have mentioned, which it tore in halves as if it had been 
r, sending its screw-bolts and rivets in all directions. The shot, 
ever, did not pass Ikmugb the taigct, but remained buried in the 
Uf-ok. with its Uat heB<l resting against the broken angle-iron. But 
tlie fracture it luaile was much worse than a mere penetration. It 
was a amaali. not a hole, and the inner skin of the target ^vaH bulged 
and torn wiilc in many places, so that in the case of an actual vessel 
nurb a shot striking on the water-line would have made a leak which 
noihi[i;> could have stopped. As regarded the cfiect of these flat- 
froiiti'd ahot on iron »hips, the experiment was conclusive. Such a 
mitnilc itgninst a wooden ship would have gone through both side*, 
making a i-lean hole and dun^ little daoiage ; but the iron, without 
protecting, offered only sufficient rvMistanee to make the fracture, if 
below the water-line, an irremediable mischief The next cspori- 
menl was witba live shell loaded with three pounds and eight ounces 
nf |iowdiT. The tolal weight of tliis pmjecldo was one hnndred and 
.1 :-.. ...... pounds, and it was fired at the same range and elevation 

riiy-Gvo pound chamcol' powder. The effeetof this shot, 

. . I lortcr of tlic Ijoniion Timtn. astounded every ono. Thfl 

liil shot, at six huudred yards, was for AVhitworth nothing 

< liii.ari : but to get S shell through the t.iT^et at the I 

! .1!- nlmmt on impcnulnUty. Vet the shell 

■ 1 . rvthing, bursting apprently when it encoon- 

" of the inner skin, wbi^b VM extftdnoti V.tn> 

. .:.. liiijiforniuoinent the tim^nULVus tianVyM*.^ 

Kteppurtci tl,.' Ur:;,-!. .'Iltlj «>udliig tliu blttt of «W.U Qa'«iu&« 
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wbat, had it been the Warrior, wouM have been her mun deck, and 
therefore right in the midst of her crew. 

Than this experiment nothin;^ could possibly have been more con- 
clueive. Not only was the armor-plate pierced, but the piece opposed 
to the actual stroke of the flat-headed shell was driven through teak 
and inner linin<r, and, in truth, became another shot of some SOUm. 
weight. In fact, this last ^hcll mitrht have destroyed the whole of 
one side of the target had the shell been only capable of containing 
an adequate bursting charge, — say 10 or 12lbs. of powder. 

With these trials the ri^cord of English experimentation terminatei^ 
to be, no doubt, renewed again with some much thicker and stouter 
kind of target, which in its turn may perhaps gain a short-lived vic- 
tory over the guns. Thus, from week to we(?k, public opinion, and 
even the opinion of our scientific authorities, is kept vacdlating be- 
tween the comparative merits of the resistance of plate and the pen- 
etration of shot. 

In commenting on the results attained to in England, the London 
Times says: — " They prove with certainty that, no matter what may 
be the thickness of the plates which iron-clad frigates can cany con- 
sistently with their safety as seagoing vessels, artillery can always be 
made to pierce them, llcavy shot and high velocity, in other words, 
heavy shot and heavy charges of jwwder, will smash through even 
JS-inch plates like glass, while we have yet to learn whether even 
5-inch plates can 1m> used on ships with safety to their sea-worthinesk 
As regards the onliiance to bo used against iron-plating, all trials 
point to one conclusion, which is tiiat the old smooth-bore gun has a 
more destru(.'tivc eflect on armor-plates than any rifled cannon, and 
that of all conspicuous rifled cannon Sir William Armstrong's is one 
of the least eflective agaiu'^t these ta^^gets. The difference in the 
destructive effect of smooth-bore over rilled projectiles is exactly the 
difference between their initial velocity, or, in plain teitn?, the speed 
at which they travel afler leaving the gun. With smooth-bores it is 
at the rate of some l,7oO feet per second, with rifled shot aboat 1,150 
feet; and, as each of these projectiles has to l)e stopped dead in the 
fraction of a second by the iron target, it naturally follows that the 
one which is travelling fastest (]oes the most mischief. If the trial, 
however, were made at ranges of 2,000 or 2,500 yards, the reeoH 
would be precisely reversed, as the t'lrget at that distance would still 
find the rifled shot travelling its 1,150 feet per second, while that 
from the smooth-bore would have fallen off to 400 feet per second, or 
even less." 

At the meeting of the British Association, 18G2, Mr. W. Fairbairn 
(who was one of the government committee appointed to snper%'ise 
the exjierimenti above I'ccordcd) gave it as his opinion *Hhat the vie- 
tory thus far was with the guns, rather than the ships, and, indeed, 
that it would be diflicult to construe t ships with suflicient power to 
prevent thtir <lcstruction by shells." To which the Ix>ndon Timet 
replies as follows: — "Mr. Fairbairn's opinion is undoubtedly the 
general opinion, but practically it is incorrect. It is quite true that 
the recent experimenis with iar^e guns and heavy charges of powder 
havo given a ^neral or speculative kind o^ «up^T\oT\V^ Vi^x^fttadt 
over the de/bnce, and it should also V>c aicV\\o\«\^d!^^ x^bnX V|\b* 




Wititworth's (ystcm of construction the powers of even lighter jueces 
of onlnante have been surpriaincl}' developed. But the great fact 
which n^main^ a^or all our triahi, is that the Warrior, if she were in 
llie middle of I ho Altantic, woulil bo ab»olittcly impregnable ; and we 
■hall be diMDg the public a service, perhaps, if we recapitulate odco 
niorv the practieal results which, up lo the prcKDt tuoment, hare 
been aclaally eetabliEhed. 

" The sides of the Warrior frigate, the model English ship, are con- 
■Irncted of 18 inches of solid timber plated cxleraallv with 41 inches 
of iron, and bitckcd internally with a skin of iron GveH-ighths of an 
inch thick. Altogether, thcrelbre, there arc upwards of 5 inches of 
iron and 18 of wood to be pierced by any projecUlo before the ship'* 
decks can be rcAched. The * Warrior target,' against which ouF 
experiments have been conducted, was so built up as to present n 
la<>«imile of the WarrioT'i broadside, and consequentlv a, gun which 
could pierce the target might be expected under similar conditions 
to pierce the Warrior. Now, it is true that this feat has been accom- 
plished, but it has been accomplltbed only under conditions so lin> 
iied as to render the result of littlo importance, except as iudicaUng 
what artillery may hereafter be made to do. The first gun which 
■occ ccded in the attempt was a piece specially constructed by Sir 
^^Tlfitm Armstrong; but, though it destroyed the tai^t, it also de- 
ned itself, being incapable of sustaining its own discharge. That 
" — n, therefoiv, we n»ay dismiss for the present from our consid- 
The Honfali gun next drove Its ponderous ball through the 
Kt, and without bursting, after which a gun combinit^ in iU 
ike (he Whltworth and Armstrong principles, but served with a 
Whitworth projectile, pierced the target not only with shot, but with 
shell. These arc iho achievements which have produced an impres- 
sion in favor of guns as agoinEit ship: but that impression will be 
likely to disappear after the explanation which wo now subjoin. The 
Armstrong ^un was a 150-pounder, the Horsfall gun a 300-poundcr, 
and the Whitworth a lao-pounder. Wedonot know the exact weight 
of the first of these piece*, but the second vreighed 24 and the third 
upwards of seven tons. Now, according to our present ideas, a 
of 95 hundred- weight, or less than five tonti, is the 
be worked with success, or even safety, on board b Boating vessel ; M 
that not one of the gnns which pierced the Warrior target can be 
considered as a shin eun. and it follows necessarily that agoinst all 
ships whatever the fVarrior is secure. As any gun capable of pierc- 
ing her sides must be muuntcd on terra Jirnia, so long as she keeps at 
■M sbi- cannot be touched at alL 

a this the only limit to the efficiency claimed for the gun. 

!r of the Anustrong cannon was demonstrated only at 200 

1* distance. The Horsfall pii-ce was tried with three Umes that 

it that ilistAiicu it was found uncqunl to straight shooting. 

t Whtlwortli gun did rem.-iin cHcftivc nl GOQ yards, but beyond 

■ ranjw It* powers have not yet been proved. We arrive, thero- 

\ Kt th« conclusion that a gun to bit effective againat liie Warrior 

Nnot only have ■ fixed battery lo earry tt.bVA mutt, ^^ 1^« ^>>^ 

'1»«fl/-*rd»tifi(snmMJe. How is this W)\» ticccrtuy(\B>i«A.^'tiw« 

^^ -totable aad the gun is nolV In pomt. rf \a»:»^'"* "i^ 



I heaviest that can 
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to this — that if a shore fort is mounted with the most poverful goa 
yet discovered, and the Warrior chooses to ran close under its wallsi 
she may get her Mdes knocked in, but that is alL If she keeps at 
merely 700 yards' distance, she is, as far as we know at present, 
quite safe, wliercas it is perfectly well understood that at twice or 
tnricc that ran^ she could pitch her own shells into any foitress or 
arsenal. This leaves the case of ships against guns in no bad poa- 
tion for the fonner. 

'' It seems to have Ix^n forgotten that ships encounter ships as well 
as forts, and that in the fonner contest the guns have as yet been 
beaten hollow by the best models of armor. No ship*s gun yet pro- 
duced would be effective against a first-ratc iron-cased ship. Air. 
Wliitworth has made the greatest progress in this direction. Hit 
70-pounder might really be carried in a ship's batter}*, but then his 
70-i)ounder has never piened the Warrior tai'get. It haii only pierced 
a target of four inches of wood plate<l with four inches of iron. It b 
a most valuable weapon, for it would be an effective arm agunst all 
imperfectly cased vessels, or, in other words, against most of the 
armored ships now atloat ; but there an> ships that can keep out its 
shot. All through the cod test, in short, there runs this dilemma, that 
a gun meant to pierce the Warrior ,< sides is either too light Ibr its 
purpose or too heavy to be carried at all. Of course, it is not to he 
assumed that the carrying powers of ships may not be extended. It 
is possible, perhaps pi'obable. that before long we may have a vessel 
produced which will carry a M-ven-tun gun, but that is not the case at 
present, and we must take ihin;is as they are, not as they maybe. 
As matters now stand, it is onlv a shore gun that can pierce the IFor- 
rior's sides, and that only within a very short range. 

"We have no wish t«> roneeal our opinion of the capabilities of ord- 
llancc in the hands of able inventors. We think it not at all unlikely 
that Mr. Wliitwortirs last gun may be found eflfective when tried at 
a longer rauge, and perhaps etpial efficiency may some day be ob- 
tained from a more p>rtable piece. But these are not the qnestioni 
now before us. We have boen dealing solely with results actually 
established, and these, though they demonstrate undoubtedly thoYe« 
sources of artillery science, do certainly not prove, as a general prop- 
osition, that guns have v.on the day against ships. Takinc a ships 
batter}' against a ship's aniior, we find the superiority on the side of 
the latter, for we have frigahs actually ailoat which can reast any 
gun yet tried of proportions available for naval service. That is the 
present state of the caso. It may be altered to-morrow, but it leaves 
our first-rate ironMdes in a very fair position to-day." 

Oijtf. JJahfgnus \',t tcs. — Oapt. Dahlgren, the well-known Amer- 
ican authority on naval <»rdnan<e, etc., in a recent report to the Sec- 
retary of thr Xavy, Diccmbi-r, 18G2, thus expresses his views in 
re;:aril to the eons; rue lion uf armor-plated vessels, and their defen- 
sive qualities: — 

Alier rctin ing to the n^sults of the English experiments above 

givj n. he sa}s: — •* It would be unwisi> to rush to the conclusion that 

armor is needless because the most jiowerlul ordnance should, under 

sk;J/>;J ^nhhmCi be able to pierce it. For even against &ueh cannon 

a bhip may delay the conclusive di(&cu\ly \<n\^ \:\ko>9k\^ U> \&ak»>fiak 
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own nuns of avail ; aad, when opposed to nny but these IiesTieit 
piisi'es. will Btilt be in elTuct ioiprejuDiible. The case of tbc Monitor 
aui) Mcrrimac aRbrds an illustration. No ono ■uppwws that uitber 
of these vcNscla rauld have eeoopLil eerlcnis injury il' eubjeuted Ui a 
roatfc of targi't liriag from tha most rocooL and poiTcrrul di'si-ripliont 
of orduanoe : jnt tiiey siutoined for four hours tbc utmost efiort (f 
Mdli ulbtra tiMteriGs Tliu Monitor was hardly more than scarred 
hv (h« Art tt( {he very guDS whit L, on the prectdinK day, hod, in a 
'wnb "f tt t n c n led most deslrue lively on thehulisand crews 

^ pinion which prvvaila in England, that solid 

r r-suilaiiio ts wveral plates ciHsbiDiHl, Capt. 

Uj I a<.lin. ID the United Statra proTett that several 

p! ilea lu I I iiilti c I L are prtferalili!, on monj^aceounU, to one solid 

pl.tu>, and would b« eo altogether if it were not for the increased 

UHiubcT of bolts that becotui. mijuiaili', and are the weaknesB of all 

aukh plating Indicd even irith thit disadvant^e, it remains to be 

II trhtihtr, bt any proccBB a vury tbit'lc solid plate ean be uiada. 

lul in Its lextut^ to ihc thinner platv?- For in every instance 

ro I haie seen a sobd plate pierc^ by a ehnt, the ioiperfection at 

t wi tilt has boen made manifest by their separation, although cxter- 

unily none smh lould be perecived." 

Capl- Dahl^fren aboi stales that the reaidts of his experiments favor 

tko uHi nf "east" rulher thaii of " wrought " iron shot. "-The east- 

iron shot doi-s l>reitk, and the irrouaht-iron is only crushed ; but while 

the latii-r lotj^es in the four-aud-one-hatf inch plate, the former 

(U'lh U'inL; of^eleven inches^ passes completely through the plate, 

.iiiil w Illy throuxb thr> wooden backing o>' tirenty inches, makiiig a 

Un^i r Uol.'. and badly crBckin? the plate." 

■■ Till' opi-rations that have wen eondueted in the United States," 

:iiinurs the writer, "with reference to the power of different eao- 

iioTi and pmjectiliM, OS wtill as the resisLince of iron plaUng, have 

>'ii ■■> fnr satiirfitclory that the results derived have been eonvstent. 

m1 ili.yiire liable to «uch qualiOcatJon aa may tH^ properly duo to 

iijhiM targets only, and in some sense favor llic defence, 

iitiv BOurcei of weakness which arc unavnidaUe in the 

' I iietun: of a ship are undi-K'loaed in the strong, new, aitd 

i.irget, but will appear when vessels are Bnbjwilcd U: fire 

iii'iir&nd tearul time and serrice, cspvelaUy at sea. So 

I'l'iidcrou* armor is merely attached lo the snip, and is not 

iiiiiibuto to thi! strength of the fabrie, but severely tixea 

L'l II, BO long will there t>u involved a serious elenwnt of 

"II, which will altera while impair the general c^taeit^ 

■■ iM<i, and in the end unlii tlur aliip for battle. In thu 

■- Ml many others, the turret rlasi are lu be excepted from 

ilii- preceding remark, and aru probably of greater and 

II endurance undi'r severe fire thaji the ordinary pbiled 

- ' iir, tb>-y aiv likuly to Und tlio most fiiciiii: Bphere for 

1.1 II- [HiiTerii in thi.* le)4 troubled wauTo of luu-boi'i anil r 
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Views respecting the armaments best adapted to meet the wantj of 
iron-cIa«'l vessels, as follows: — ''This question would bo rcdaccd to 
ver}' narrow limits, were it possible to decide intelligent! j upon the 
claims of smooth and rifled cannon. But the obviously unperfectcd con- 
dition of the latter internes an obstacle to a fair consideration of its 
merits, which the ingenuity of ver}' clever men has long been exsrtcd 
upon without complete success. 1. The rifled shot when moving cur- 
rectly is the more accurate to flrst graze, though not materially 80, at 
moderate distances, — say thirteen hundred to fifteen hundred yards. 
Beyond a mile, its advantage in this ri^spect is very marked. 2. But 
after encountering any object, its deflections are of the most erratic 
description, and it generally tumbles over so as to nullilV its force, and 
render its subsequent direction beyond conjecture. Wherefore, ths 
rifled shot has no capacity lor ricochet, which is one of the most cer- 
tain modes of operating with the round projectiles in naval service, 
and is of the utmost impurtance because so many shot fall short and 
strike the water flrst. 0. The rifle shot has greater penetration 
than the round, but much k'.ss concus>ive power. At tne present 
time, considerable improvements are ixiquired to give regularity and 
certainty to the distinctive qualities of the rifled shot; and there is 
no little trouble experienced also with the stripping of soft metal 
from them, and the imperfect operation of their fuses. These, being 
defects rather of detail, will no doubt be ultimately got rid ot Mean- 
whUc, the rifle gun is gradually making its way into the service, and 
becoming better understood by soldiers and sailors. 

'* A glance at the forms which this arm has assumed in different 
countries shows the great variety of solutions that the problem if 
capable of, and may possibly indicate some diflii'ulty in uniting all the 
Qualities desired in one piece. Tlie greatest diversity will be noticed, 
for instance, between the device of Armstrong and of Whitworth, 
and the Canon Raye of the French. Tiiev differ totally in the 
material and construction of the cannon, proiectile, and fuse. And 
while no one service is entirely satisfied with its own arm, it seemi to 
find nothing better in that of another. 

*"" If, in battering an irou-elad, penetration only shall be the pan^ 
mount consideration, and other ellccts merely incidental, the rifle 
cannon must be selected. But if the coneuijision and shattering of 
the plate and its backing be prefern»d, with inch penetration as 
might be conse^juent thereon, then the heavy, swift, round projectile 
will supply the blow best aduj)ted to such work. So long as the 
present mode of plating (X)ntinues, there can be little doubt that it 
will be most effectively attacked by cracking and bending the iron, 
starting the bolts, stripping oft' the armor, and breaking away large 

rrtions of the wooden strurture within. And to this mode of action 
feel more inclined, after witnessing its efll'cts upon a number of 
targets plated with solid iron, or with thin plates bolted into one, the 
direction of the tire being iwriwndicular or oblique. 

" The number of guns being very much reduced, of necessity, in 

iron-clads, particularly in the turrets, which will only accommodate 

- *»air of them, it would naturallv be supjwsed that the weight of 

fide would also bo limited, but the very largo calibres that are 

t9 be adopted will so far com^nsaX^ ISw \.\i!^ Vw& Va. ^uos&Sbtt.^ 
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t the diminuIioD of poiri^r irill Dot be imporlant, an'I. ia Suiao 
nutant^C!, ihero will be a gain in wci[;lit of pixijcctilp. T!ms, tlie 
Bo:iDokp, nlii-'h oiininaUy lliri/w 1,434 pounaa Irom lier broailBide, 
anil is DOiri'onvert«d into a turret ehip, mil tbrow !,T00 pounds at 
an object abeam, when fully armed, and 900 pounds ahead or astern. 
Tbcro muit be, boirercr. a materiul reduclion in the celerity of lire 
with guna and projectiles so larce as the <.'leven-ioi:h, whatever may bo 
th^ mecbanical appliances which may be brought to assist. An eleven- 
inch gnn, with a well-disc ipUned ctcw, can bo Gred once a minute ; 
but there must be mueh improvement in any mode now suggested 
before a filteen-JBch gun can be dred once in tnpio that time. As a 
certain capacity tor repetition is essential to the ^ncml power of a 
Uttt«ry, there is tbns involved a disadvaotago wbich can only be 
compensated to any extent by the great concentration of effect in the 
individaal projectiles. For it may be cont'civcd that the effects of 
•lielU of three hundred and thirty pounds, and shot of four hundred 
iuid fifty pounds, will be damaging beyond any experience in former 
batteries. What may be the power of such ordnance against iron- 
cased ships, comparative or absolute, remains to be ascertained. 
This, a> well as the piece itself, is yet but an experiment." 

Id conclusion, CapL Dnhlgren cxnrcsaes his opinion. " that, as the 
case now stands, the offence Jias decidedly the advantage, and that 
□o seagoing ship can be considered as impregnable to artillery." 

Thoughts concerning the Unhfallhinea of Iron-Ciad VeaeU. — 
The London Lancet makes the following suggestions respcctingthe 
uDhealthiness of iron-clad vcescK An iron-cased ship may lutbrd 
greater protection to her crew from shot and shell tnan a wooden 
•hip, bat it has been overlooked that, to vrhal^iver extent this protec- 
tion has been obtained, to a like estent the vessel has been made less 
G( for habitation, ll has been forgotten, in short, (hat shot-proof 
■hips might require for their due working disease-proof sailors. Ex- 
perience has again and again showii that, in time of war, for ooa 
maa lost from the casualties of actual contention, several bikve been 
needlessly lost from disease. Tlio condiliona which have given rise 
Co tliis additional, most wasteful, and most unnecessary expenditure 
of life unhappily exist lo almost us ^reat an extent in peace as in 
war, and the chief of these conditions has been clearly set forth by 
Lord Paget, lecrBtary to the British board of admiralty, in a recent 
deb»tc in Parliameo^ He said, -' Everybody who lias been on board 
■hin in the lower deck will know that the atmosphere is snflicienlly 
bad to provoke almuit any kind of disease, csnccially phthisis and 
fevers, 03 has been shown by the returns from British fleets on tropi- 
cal or semi-tropical stations." This was said of wooden slups of 
war ; but when we refiect that in annor-plalcrl shi[>n the portholes 
arc Ui^cly diminished in number and grcatiy lessened in size, and 
thiit, tliv more effectually to strengthen ihe walls of the vessel and 
pruvvDl the intrusion of shot or shell, no apL-rlur^ of commnniea- 
tion with the iulorJor i^ permitted lo cxis'. i\-hich can possibly be 
dmio nnay with, ivc arc justified in lonL-ln lin^ Ihut the stato ol the 
botweun-decks, rvf«rrud to by LorJ C. Pjgor, nill id these ships bo 

" "'' "* Wlien, moreover, WQ rcmctoV't ^^mV, ^n«a ^^aft 

ailjownby expeiraoaaUi ^b»' 
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tui*c of the bctwocn-dcfks is liighcr than ia vessels of any other cUoB, — 
that lu liot weat!i>T the iron v/alb suck up heat with the avidily of a 
salamander, — and that il u far tVoni improoable that the practicability 
of keeping the '* bilL'i's" sweet hfis been forgotten in the progress of 
building (as in the t-ase of the Warrior), — we may also reasonably 
infer that the ])rinc-ipal conditions which concur in increasing the 
foulness of the bctwecn-di-cks in wooden are also found in a higher 
degree in armor-platA^d vessels. Hence we are led to the ultimate 
conclusion that theses latter ships promise to be much more destruc- 
tive to their crews than ciny enemy ; at any rate, to estimate the 
power of destruction by their offensive capabilities alone is a delu- 
sion. 

The truth is, that, until t1i(> subject of ventilation enters as sTstem- 
atically into the scientific estimate of the constiiiction of a uiip u 
speed and fighting qualities, the problem of ventilation will never be 
rightly solved, the needless waste of life which now exists in our navy 
in peace as well ns war. put an end to, and the chances of a catastro- 
phe amongst the crew of our ironsides by the ravages of fever dimin- 
ished. What would be tlie fate of the sailors of the Warrior or 
Defence if typhus or yellow fever broke out on board? — to say 
nothing of the changes of both oflieers and men being ignominionsly 
suffocated in their iron-ea:red domicil, under the blazing sun of the 
torri<l zone, after the fashion of certain doughty knights of old. 

French Re.<u'ts. — Of the results and inferences arrived at by the 
French authorities touL-hing the r>unstruction and armament of iron- 
clad vessels, the world knows but little beyond what has been neces- 
sarily disclosed to the observer. It is believed, however, that they 
have no faith in the Armstron*^ gun, or in any breech-loading gun 
whatever; and, also, that they reject the plan, followed to some extent 
in England, of plating iron u])ou iron, but plate iron upon wood. 

The following is the reported strength of the French iron-clad 
navy: Ten iron-cased floating batteries constructed during the Cri- 
mean war; two lloatinp: battoriea of fourteen guns each, which have a 
speed of six and one-half knots per hour, and are covered with four- 
and-one-half-ineh iron plates ; four iron-cased frigates afloat, namelyi 
the La G loirc, Xorinatti-.'ie^ luriurihlv, ^nd Couronne^ each of which has 
engines of nine hundred horse-power, and a plating of four-and- three- 
fourths-inch plates ; two annor-cLid rams, which have engines of one 
thousand hoi*se-pow^er : from ten to fitU?en large iron-cased frigates of 
the La Gloire <lass on the stocks ; and about the same number of 
armor-clad batteries in prej)aration, which are mainly intended for 
harbor defences. 

A rei'cnt writer in the Tendon Time<j who professes to be posted, 
states that ** it is extremely doubtful whether any naval guns at pres- 
ent introduced into tlie armament of iron ships could inflict any 
serious damage on the Fiench frigates La (iloirtt and the Normandie; 
and it is certain that t!ie Freiu'h have intn)duee<l a gun which will 
throw a llat-headed sliot through four-and-one- half-inch plates with 
a thivk timber backing. The armament of the Gloire itself consists 
of guns (called pilct:i< ilc 30) which, with a charge of rather more 
than fifteen pounds of powder, throw a ninety-pound shot tlirough 
iwvhc centimetres of iron plating at forty mvitres. liMt tW French 
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nrtillfrisU havo occompliahed far more than tbi?. Aa lonp: ago aa 
August, 1801, thuy poustruutoi a rilled gun wbitli, with a t-liarge of 
twenly-five pounds of powdur, (hrew a projectile through tlio iron- 
ptatcd target at one thouaaud metres ; and, altlicu^h this gun is not 
yet in fommoa use in tlic Frendi service, several !ipucimcns of it 
have been manufactured, and the esperitnents have been carried an 
in the present year with increasing eucoe^." The writer also asserts 
that the French model aun is not unlike the weapons with which Mr. 
Wbitworth has obtained the startling results detailed id the preceding 
part of this article. 

Engliih Iron-clad Navy. — The English have four iron-cased frig- 
ates eomplGted and in service, namely, the Warrior, Black Prince, 
Defence and Reskiance. The two tbrmer are the most formidable 
armor-clad frigates aHoat ; bave engines of twelve hundred and fifty 
nominal horse-power, aud carry Ibrty ^uns; the two latter bave 
engines of six hundred horse-power, and carry eighteen guns — Arm- 
strong one- hundred-pounder rifled, and sixty-etght-pounder smooth- 
bores, besides these, the English have seventeen other iron-clads in 
the course of completion, four ol' wliich arc larger than the Warrior, 
and will be plated from stem to stem with five-and-one-half-inch 
plates. The English admiralty are also transforming a number of 
tltirty-six-gun irigatcs into iron-clad sloops, by cutting them down 
and attaching plai«5 only a little above and below the load line, and 
the midship part of the vessel containing the guna. 

Neio Austrian Gwis.- — Tha improved cannons adopted by the 
Austrian government are formed from a new alloy, called Atck 
metal, from its inventor. It is composed of copper six hundred parts, 
line three hundred and eighty-two, iron eighteen. Its tenacity is 
said to be excessive ; it is easily for^d and bored, and when cold may 
be bent considerably without breaking ; its resistance, it is also stated, 
is far greater than that of iron of the best quality. 

Breech-Loaders vs. Muzzle-Loailers. — Some interesting experi- 
ments W test tbe comparative efficiency of " breech '* and " muzzle " 
loading field artillery were made in England, Oct., 18G2, under eov- 
flnaneDt direction. The muzzle-loading guns wore four in number, 
of Whitworth's pattern, brass twelve-pounders, rifled. The breech- 
loaders were of Armstrong's pattern, iron twflve-ponndors, with all 
the latest improvements. The trials began by firing at a Heating tai^ 
get distant five hundred yards. As tbe shot fell in the eea, no very 
close comparison could be made as to the accuracy of the respective 
hits, but both at the five hundred yards range, and afterward at the 
Lwi'lve hundred yarda, the shot from the Whitworth was the first to 
i-arry away tbe dag aimed at, and it was generally conceded that at 
lijth ranges this gun fired closer to the mark than the Armstrong. 
Both guns were then tried with shell, the Armstrong firing uompounil 
{tercussion sheila, and the Whitworth firing a new kind of shrapnel. 
II was observed tliat a considerable number of the Armstrong snells 
liir^t in the air bclbre reaching the mark, and, ol' course, without 
I'llcct; but tbe Whitworth HheU, being used with a. timc-tuse, which 
is i^ited in front like the old shell, was found to be moio rcg,ular and. 

tt perbapa llie most interesting part of t\iii uipcri'ia'iii\s "Bas ■& 
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•-. r.-niTj :c i"*. I: iw Lttij* >-« bril iktt tke one great 
•rn-ViTi: :t v-r '.jr.-i Zr^:\'jiT -rv Izi sc7»»rSjKrr ia bandines and 
tizli £ =--—£■ Ti-i r«c_: :c Til? tt^ loV dx. boverer. cuu fii ni this 
«:'..-->.-_ 1 ~'s ir:.''..77-=-^^ v^r-i rritcvi :c £.t tventr Toandsfroni 
f- ■- z~ir. "-i nTillj 15 T^T »ili re **7Twi. TVe Whitwottli poa 
£-:-brii -.1* :»-r'i:T":rr:-:« £?«- .txi^jesas the task in ihirteeo nun- 
a:^: :'--? A-=:-:r:'ir '.''I :▼:•! ^tt? a&i i ials" Euietes bter. This in- 
f^.r-v*':- -T":.* i-.Tr' :-::-: ": :l»r fj^-o;::^ oc ib« loadii^ and serring 
t V r W:.::t r:'i -. i. : :-- Lr. 1 :•::=-. iz. :V:- roj-.-iwh- the same as in 
W/TLL2 ^VL.. :.' '.'l :1: ?:rr:t:<:'>:i?ce ^-ze*: waentis the Annstroni 
d"iii ?«:i ;-:.--? :".r:-- it :".-z- ci:ra z>:-TTi»:-a3. Ail the gnns were fur^ 
th^r trl-r'I • V -i.-i-r :'.-*ci .-i i os^ iu:iine-J coosecuUTe roands^ The 
Anmtronz* ''--rrr dti "«rl:L *-brl.'\:'.:» ^xif. anJ were also washed 
ont an ! ha i t'a-jir Iryj-.T?'.' p-! -.->:-* ■.-■ijiijei as often as they became 
faciD^i ?o a* ;o li^ Gt5i:V : :!-? Waiiiorths all campleted their ooe 
hondr^d roan'i* vl^hos: W:r. j wasov.^! oax at all. and witliout asmg 
anr la^ixi ^atinz wais. I: ^r-^' r;>::Liriei. toix that the kndins was as 
easy at the la*: round as a: :".:•? nr*:. 

A>«- Rorly:*. — Lk-ar. Sji:is-Jv''. Pj-br. of the Bengal Artillery, has 
recently puWijhe*! a pijver on i!u* ua^ of rockets for war pnrpoaeSfin 
whir.-h h«? say*, that i: i* p.»r!V.i'.y pra;tiv-able to produce rockets of one 
thoasiod poumb ^..-1^!^. whK-h can }v thrown with equal exactness as 
shells from mortars. One *^i thes^- falling upon the deck of a ship, he 
claims. wouM immediately dosiroy ir. 

Ameriran Inin-c'n'I Wssis. — During the past year, the United 
States Goremmf^nt. i-n-XKiraized by the su-.vess of the A/oaiifor, built 
and modok-d by Cap;. Eri.'si^u in i 801. have caused to be constructed 
nine aflditional iron-clad vo*<<*Is for use on tho Atlantic coast ; all of 
them Ijeing built on su1)stantial!y the same plan as the Monitor, but 
rendered more formidable both tor attack and defence. The fblfew- 
ing arc the details of the construction of one of the largest of these 
vessels, Tiz.. the Weehawken : — E.\treme length of armor two hun- 
dred feet ; extreme length on water-line one hundred and nine^leet; 
extreme breadth over armor forty-six feet ; breadth of mookled beam 
thirty-seven feet. The bulwark' armor-timbers are oak, seventeen 
inches in thicrkncss The plating of the bulwarks is five inches in 
thickness, in layers of one-inch plates, planed at the cd^es and break- 
ing joints. Thb armor extends three and one-half teet below the 
water-line, and projects three feet eight inches beyond the hull proper. 
The deck beams arc of oak, twelve inches thicK, covered with pine 
planking 8evcn inches thick, and over these two courses of half4ncL 
plates are fastened. 

The Wechawkcn is provided with one revolving turret of twenty- 
one feet internal diameter, nine feet height, and covered with eleven 
rournoH of one-inch wrought-iron plates. This turret rests on a flat 
ring of gun -metal, and revolves on a central shaft one foot in diame- 
ter. The nmiamcnt of the turret is two fifleen-inch Dahlmren guns, 
manufactured at the Fort Pitt foundry, Pitt&burg, Pa. The'pik)t- 
house is round like tho gun turret, and in this respect is an improve- 
ment over the 8([uare pilot-house first built for the Monitor. The 
MDok^pipe u fhot'proof, eight feet in height, u. Vitfi^^^m^UfiknMs^ 




teleaco|nr- in shape, aod covered on the top nitb a grating to keep out 
shelts. The vessel is propelled by a pair of liorizootal i^ngiiicfl, »acb 
hitving a pylintJer forty inches in diameter, with a stroke of twenty- 
two iachet. Vcntitating blowers are used, oud the cold air is drawn 
UiTOugh the top of the turret. 

The &fiecn-inch guns carried in the turret of the Weehawken, and 
upon other of her companion vessels, weigh nineteen tons each, and 
ttfe the lare^st pieces ot ordnance ever tried on shipboard. They are 
easily worked, however, through the aid of newly devised machinery, 
by three men ; and are fired through a muzzle box from within and 
through the port-hole, and not. as usual, from the e: 



holH beini; only seventeen inches in diameter, while the faco ol thu 
mazzle of the gun is twenty-nine inches. 

Of other iron-cloil vessels, one called the Keokuk, designed and 
built for the U. S. Government by Mr. C. W. Whitney, of New York 
City, dilTers essentially in its constmction from any of the above re- 
ferred to c«nstractions. She is one hundred and flily-niae feet long, 
tbirty^ix feet three inches beam, and has thirteen feet sii inches 
depth of hold. There are two fixed turret! and a short snioke-pipe 
TUible above deck ; these alone break the smooth surface which every- 
where slopes to the water's ed^o. The side armor extends four foet 
below the fighting dratt, which will be about eight feet six inches, aud 
for s portion of the length, amidships, presents an angle of thirty- 
teven donees to the horizon. This inclined armor runs up to the 
main deck on each side, which is but little wider than the turrets. 
The Imw and stern of the Keokuk rounri away to the water, and pr^ 
sent the s.nmo appearance to the eye that a wasp's body wonld tn>> 
mencd. The declc beams are a continuatioD of the ship's ribs, which 
ar« of iron, four inches deep by one inch thick, placed eighteen inches 
apart. (!)vcr these ribs a half-inch plate is laid, and that rclaid a;;un 
with a five-inch wooden deck ; this latter is canlked water-tight, and 
then armi'd with two halTinch iron plates, somewhat similar to the 
Ericsson Monitors. The casematcd portion of the vessel, five and 
tbree-fonrths inches thick, Is laid with iron four inches deep by one 
(h thick, placed one inch apart, the interstices being RUed in with 
low nine. The n^maioinjc one and three-fourths inches are made 
'by tlie outside sheets. This armor is fiistencd on with countersunk 
''t oae and one-eighth inches in diameter and twelve inches apart, 
irvd inside with strong, six-sided nuti. The deck has only scveu- 
d^th 1>olts through it. 

The turrets, two in number, are stationary, and mount one civven- 
inch gun each. They are fourteen feet In diameter at the top, and 
'"'CDty feet at the base, extending seven fuet above ihe dei'k, nud 
bes below it ; and upon a platform constructed at that linu 
ire mounted. The turrets proper consist of wrought-iron 
jtnns, made of flat iron, five inches deep by one inch thick, pltKL-d 
iwtse, fifteen inches apart, and seonred to a liolf-inch iJi(«l by four 
;ht-irou clamps four inches deep by one inch thick. The fillccn- 
spaces remaining inside aru filled up with wood, and afurward 
rod with a thin sheet-iron lining, to make U ttaQ(A\\ &uJsV-, ow;- 
of the turrct-skio, half-inch plate, the prutociMu u flOft 
of tha caaeauitLa. £ac]i turret liaa lis own sVcA., tlbi,>i^ 
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der-maz^izine. commnoicatin? from the deck, jost imdenieAtli the 
tower, by hatches. In the aiWr-end nf the tbrwani tonrefc b thts pikit- 
boose. which i« two feet hijber than the main stmcture. 

The turret rrun decks, twentr inches below the main doL*k, consirt 
of a circular iron frame ?ix in^-he^ J<?ep by three-qnarters of an inch 
thick, supported by twdre wrou^ht-iron beams two and a half inches 
in diameter. This trame is further crossed at regular interraU by 
fourteen wrou^rht-iron beam<, also mx in^'hes deep and three qnarUsrj 
of an inch thi'.-k. At right an;!les with the latter a strong box girder, 
twelve inches by eighteen inches ai'ross the angles, is riveted to tlu 
circular frame, liein*: strt>ngtheued in the middle by a hea^y wrought- 
iron column five inches thi.^k. Upon the top of the fourteen betunSi 
previously m'Mitioncil, a wooden deck five inches thick is laid, to 
which the srunwavs are made fast. In the centre of the turret the 
gun is pivoted : three port8 are made for it in the turret — two broad- 
side, and one aft or forward, as the case may be. A lateral range of 
eight degrees and a vertical one of ten degrees can be obtained for 
the mL<sile. From the lower deck, inside the turrets, two doors pei^ 
mit communication with the forecastle, and also the engine-room and 
oiricers* quarters. There are two water-tight compartments in the 
vessel, one fore-and-atl. to which access is had by the usual man- 
holes ; these can be filled with water, if desirable, in a short time, and 
will, it is calculated, settle the ship one foot. The forecastle is large 
and roomy, so much so that one hundred men can swing their ham- 
mocks in it Alongside of the vessel, just behind the casemates, are 
the coal-bunkers, and immtfdiately enclosed by them and two forc>-and- 
aft bulkheads are the steam boilers. Before a shot can strike the latter 
it must pass through the inclined si<le, the coal, and also the two stiff 
bulkheads or partitions just mentioned ; they are, therefore, veiy fully 
protected. 

The Keokuk is propelled by engines of five hundred horse power, 
which drive a true screw under each quarter of the vessel oi aboot 
seven feet diameter. 

Contracts liav(; also been entered into between the United States 
Government and Captain Ericsson for the construction of two iron- 
plated vessels of a more formidable character than any hitherto es- 
sayed by him. They will bear a general n'semblance to the Monitory 
with such modifications as have been suggested by experience. One 
of them is to be three hundred and twenty feet in length, and the 
other tlin>e hundred and forty-one, with fifly feet beam. The Yertical 
sides are six feet in depth, and arc to bo protected with iron armor- 
plating ten and a half inches in thickness, backed with four feet of 
holid oak. 

The turrt»ts are to be absolutely invulnerable. The contract pro- 
vides that they shall be two feet in thickness, but the contractor has 
h'avo to ri'ducc the thickness, provided he can satisfy the navy depart- 
ment that less will Ix^ sufficient. The engines are to be of sufficient 
size and iK)wer to give an average guaranteed speed of sixteen knots 

■* hour. The armament will consist of fifleen-inch guns, 
ut it is as rams that these two new vessels are expected to be 
efficient. Where the plates of the sides meet at the bow they 
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form an iron nedgo, twcDty-one incbcs thick M tbe bn«e, and turmi- 
nating in a tbarp cdpe. This vredgc is sunlained br liic plates behioil 
U, teA and a faall' Jncbos in lhii:knes»i, nx Jeut in dcplb, and estcnd!ng 
Uie Bhole length of tbc vessel, (anmna tbe most powerful biittiog in* 
BlniiueDt that it is possible to conceive of. Captain Ericeson tayt, 
" It will iplil u) iceberff." 

Some iatcreitJDg additions to our knowledge respecting the resist- 
ance of iron platus lo pniiei'tilL's bavo been gained from the experl- 
eate of iron-tlad vcssi'ls tipoii wtsttm rivpr* of tbe United Slatos. 
Id ihe eonstnieiion of tlio L.^s-t. tlie flaa-sliip of Commodore Porter. 
!\ )>ei.-uUarly prepared lining iif ludia-i'iibbcr was placed between the 
r,Ti>--iiicb iron pfales u^-d hikI tiie wooden backing. The efficacy of 
I iiU vipedicnt was dcmonBtrnlcd on Ibi? 2Sd of Julj, I8G2. when tbe 
i ^.;^cic. under the batteries of Vicksburg, austnined for two hours and 
L bAlf a fire of seventy heavy gnus in battery, twenty field-piocea, 
..lid tlirce heavy guns ailoat. So rapid an<l terrific was tbe fire that 
I W i'i>mni'>dare, in his olGcial report, states '' that for half an boor 
ilii' hull of tbe sbip was completely envcJopeil in tbe heavy jet) of 
water thrown over ner by the enemy's shot, shell, and balls." At one 
timv tbis eannuoading was at so short a range that he says " the flashea 
of tbe enemy's guns through my port-holes tlrovH my men from the 
guns." The results of this fire from batteries not one hundred feet 
otT is tlius described in the official report: — "A heavy ten-inch 
shot from the nearest battery etrnclc my forward casemate about four 
feet from the deck, but fortunately did not penetrate. A rifle seven- 
and-ft' half-inch tbot from the same battery struck the casemate aboat 
nine feet from the deck ; it penctratett the iron, but did not get 
through, although so severe was the blow that it startml a four-inch 
;>l3ak, two inches thick and eigliteen feet long, on the inside. A 
< onioal shell struck the casemate on tbe port side, also, as wc wero 
r.iundlng, penetrated tho three-quorter-incli iron, and eanio half way 
; iirou"b tbc wooden side ; it exploded through, killing one man and 
^hskuy wounding tliroe." 

1)unng tbe bnavy cannonading most of the shot glanced from the 
tide* of the Esmx, but >'duriug tliat time this teasel was heavily 
■truck forty-two Uious and only penetrated twice." This peneliiition 
(TiU by (bo rille seven-and-u-hoU-inch shot and the conical shell above 
ifa»i-ri*.>cd. 

Jamrs'i rijttd PrahnlUe for BaUering Purposes. — The bombard- 
R)<ni. nf Furt ruliukl demonstrated tho extraordinary efficiency of 
Jn:m-i'i projectile for battering down stone-work. The New York 
7'iVi'.ivorTctpondent, describing its eflecls, s,iya: — "Tho whole side 
• ' .h>' rttti-male wns shot awa^. The Parrot t guns had bccncompar- 
A:j^l'i^ liunnleu, the work being done almost entirely by the James 
]iri>jt-<.iil-.-." Another correspondent, writing from the ruins of Piilaiki 
lo tlK' New York Tribune, sava: — "The guns which contributed 
lao^l lo (lie lireaehing of tbc wall were those which carried tbc James 
projoriilc. That was the lestimony of the officers of the i<>rl; and in 
iliD thickeat of the ruins it was always thc»> shot which wc foutvl 
' U" A privote Idler, wriUeu \iy an oflivev, ya^^," '^'* 
ougb a ataxiiTo brick wall, and ground up ^V^ naUexuik^^ 
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Wki! poTik-r.'* Gen. Gilmore. the engineer officer in ehai^ge of tin 
siege operations, in his official report makes cspeeial mention of 
James*s projectile, and savs. '* Xo better piece for breaching can be 
desired than the forty-two' pounder James.** 

Xeic American Guns. — While the English navy is being aimed 
with guns of very complex strocture, th«e of the American naTj 
have for several years been growing more and more simple. At €ark 
the plan of having ornaments cast upon them was abandoned ; then 
the enlaTgements in the form of bands around the muzzle and other 
parts were dispensed with ; and now. as the lost possible step in thii 
direction, they are cast without trunnions, making the cannoo a 
smooth lump of ca<t iron, without any ridge, comer or projectioa 
upon it. Tnis modification is the last improvement intrMnced by 
Cfapt. Dahl^rrcn. He forms the trunnious of gun-metal^ cast in con- 
nection with a strap pni^sini; around the breech of the cannon, and 
secured by a hoop of the same material passing around the cannoo 
near the trunnions. 

It has long been known that comers or angles in the surface of 
cast iron rendered it much more liable to break. Tho rollers of roU* 
ing-mills arc now turnid with a cur\-e at the shoulder of the jouraal, 
it having been fonnd that they were apt to break at this point; and 
the introduction of a curve occupying only half an inch in the length 
of the roller is said to increase the strength about thirty per cent 

The liability to break at the cornt^rs is greatest when the metal if 
subiected to blows or con(russion8, and is especially marked in cannon. 
This has been the reason ibr disjiensing with ornaments and prqectr 
ing rings, and for several yi^ars our si*rviee-guus have been cast with 
no angles except those at the junction of the barrel with the trunn- 
ions. It being obscr^'cd, however, that the guns were very apt to 
fail at this point, Capt. Dahlgren has deviried the above plan of ovcr- 
coming the difliculcy. — Scientific American. 

Snyder^ 8 Bullet Machine. — The product of these celebrated buDei 
machines, invented by A. B. Snyder, and now used e.\clusiTely by the 
United States Government in their arsenals, appears from official fig- 
ures to have reached the following cxtraordinar}' quantities: — Dur- 
ing a period of nineteen months, or from May 1st, 18G1, to December 
1st, 18G2, they pro<luocd one hundred million, one hundred and nine 
thousand (100,iuy,000) elongated bullets, weighing 5,810 tons. Sny- 
der's machine is one of the most pcrlect pieces of mechanism CTcr 
produced by American ingenuity. 

Plan for Firimj O'uns untlcr Water. — J. P. Woodbury of Boston 
has devised the ibilowing plan for firing cannon under water. The 
guns arc to be of the usuiil shai>o, but much longer than common, and 
can be cast to discharge any pi-qjoctile now in use. When ready for 
action, a tin cylindrical case is fitted closely at the muzzle of the gun, 
rendering the chamber air-tight and i)rt^ventiug the entrance of water. 
When fired, the charge attains its lull velocity bcfoi-o reaching the 
canister, «ind an cflective shot may b« made at the di>tance <a two 
or three hundred feet. The cannon is fixed into a stufling-box simi- 
lar to that of the piston of a steam-engine, and an automatic port^ 
ho}e opens and shuts as tho gun is run out or mt)a!^^^ It ii 
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expected ihat Tsry little waler will be shipped as Ihe piece ia drawn 
ia. Tbe pun being breech- loading. Lbc water nhieb enters the muz- 
e!« is easily dispiwed of. and it ia rlainied by Mr. Woodbury Ibat it 
ean be lired again In tlio space of three bo five minutes. In eomo 
experimcnis made M East DosUjd, a twelve-pounder was fired under 
water at a target made ol' spruce plank, crossed .it ri"ht angles, and 
heavily bolted and braced, and placed at a distance el ten or twelve 
feet. The taivet was clieetually penetrated. 

Deremai'g Coniprrsseit Gmipoict/cr. — The following is an abstract 
of the specification of ike patent granted for this invention, which 
luu been adopted by the U. S. Governniciit. and, after most careful 
experimentation, also by tlic French (see Annual of Scientific Die- 
<oveTy, 18(i2, p. S;i: — 

The nature of the invention conusts in taking jn^nulated dry pow- 
der, and placing a certain cjuantity^ to Ibru a cliai^ in a mould ol a 
cyliudrieal form, then »ubmitline it Vo pressure under a piston, by 
which pressure the dry ponder becomes solid, and may be removed 
from the mould and handled freely. Another port of the invanliun 
consists in submitiiDg two or more layen of powder in one cartridgo 
to diflcrcnt degrees of pressure, to produce what is called an " aeccl- 
eratiog tartri^-."' The method of man ufae luring theee cartridges 
tiai follows; — bloulds of the rcquisile ti/e and Ibrm are provided 
with suitable movable pistons to i't into Ilicm. To make a cartridge 
for a six-pounder gun, in which one and a quarter pounds of powder 
(constitutes a charfje, this amount of granular dry powder id jilaced in 
a cylindrical smooth brass mould, of such a diameter as coincides with 
the bore of the gun, so that the cartridge will enter it. When the 
powder is introduced a piston is placed upon it in the mould, and pres- 
mre by a hydraulic or screw press is applied until the powder has 

B condensed by a power equivalent to fiileen tons weight. The 
I is then taken out, and the compressed powder discharged, in 
rm ofa cylindrical cake, which may be handled without breaking. 
■ fbnu the granular condition of the powder is still maintained. 
■ siees of cartridges are formed in a similar manner. 
To make an accelerating cartridge, the method described is as fol- 
lows for three degrees of combustibility: — The powder is divided 
into three portions ; one of these is Gret jilaced in the mould and sub- 

«' led to a preaiure of twenty-five tons; the second portion is then 
Bed in and subjected to a pressure of twenty loos and finally to 
ilMt portion there is applied n pre»ntre of fifteen tous. The whole 
jbe powder placed in the mould and tlius treated is now eompaeled 
nonomas] or cake, having three distinct strata of diiliircnt degrees 
combustibility. That which has received the jgrcalest amount of 
pr e l u re consumes less rapidly tliun iLo other porliotis. The rapidity 
of ignition and burning of each is in proporiion (o the degree of 
■ceawic to which it has been subjccled. The rei|uisitc pressure fir 
eartridgea can only bo aaeertiiined by experiiiienU 
~' ~ ' cartridges made in this manner by solidifying w 

moisture for a longer period than when in loose ^uv^ 
uudt^jtood that Uiusc cortiulgca W<i e^\mdncu. h«^«a 
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flannel ba^ in which the ordinan* charf^es for artiDety are eontauied 
are the chief caiisi*s of the ibulin*; of the pin, the tue of nncovered 
•olid cartrid<;eft obvioa<ilv presents great advanta^^es. Such Gaitridf^ 
may be further rcndereii water-proof by coating them with a lohitioo 
of collodion. 

MKCHAMCAL PBOPKRTIES OF PfiOJECTILES. 

In a paper on the above subject presented to the British Associa- 
tion, 1862, by Mr. W. Fairbaim, the author commenced by stating 
that in the invcstifjations which had taken pla(*e with regara to pro- 
jectiles and annor-platc'd ships, one grt*at uifli<*ulty that had arisen 
was to get plates of soifficient thickness, and vessels of sufficient ton- 
nage to carrj' those plates. It appcarttl that they were limited to 
plates of five inches m thickness; with plates heaWer than that a 
ship wouM not be what was technically called "lively." Ho had 
attended the exp<>nments instituted by the government at Shoebmy- 
ness from the commencement, and thev hacl reference to the Ibrce of 
impact. He would state the results. 'llie fu*8t series of experimenti 
had reference to the quality- of the plates and the properties of^^ 
iron best calculated to resist impact. Tliere were three qnalitiet 
rei|uired: — first, that the iron should not be crystalline, bat, aeeond, 
that it should be of great tenacity and ductility, and, third, that it 
should be vcr}- fibrous. ^Ir. Fairbaim produced specimens of spher- 
ical and flat-ended shot, and proceeded to give the statical resistance 
of each. 

The mean statical resistance to crushing of the two flat-ended speci- 
mens of cast iron is 55.32 tons per square inch. The mean resistance 
of the two round-cndfd specimens is 20.87 tons per square inch. The 
ratio of resistance, thcrelore, of short columns of cast iron with two 
flat ends to that of columns with one flat and one round end is ii 
65.32 to 26.87, or as 2.05 to 1. Apphiiig this same rule to the steel 
specimens, it would appear that the ilat-ended shot would hare sus- 
tained a pressure of 180 tons per »juare inch before firacture. In the 
experiment it actually sustained 120 toi^s per square inch witboot 
injurj', cxcrepting a small permanent set. In the experiments with 
cast iron the mean compression per unit of length of the flat^nded 
sniH.*imcns was .0GG5, and of the round-4>nded .1305. The ratio of 
tue conipw.'ssion of the i-ound-endcd to the flat-ended was, therefore, 
as 1.9G : 1, or nearly in the inverse ratio of the statical crushing pres- 
8un«. Applying this law to the case of the steel flat-ended speci- 
men, we may conclude that the compression before fracture woahl 
have iH'cn only .058 j)cr unit of length. The determination of the 
statical crimhing i)ressurc of the flat-i^ndinl steel shot as 180 tons per 
H|uan» inch and its compn'ssion as .058, is important, on account of 
the cxtcn:<ive employment of hliot of this material, size, and Ibrm in 
the cxperinu'iits at Shoeburyncss. In the cast? of the lead specimens^ 
the compression with cn»inl weights was the same, whether the speci- 
m<'n wcn» at first i-oinnU'udctl or flat-ended. This is accounted for 
by the i»xtreme ductility of the metal an<l the great amount of coni- 
nrt^ssion sustained. In re^anl to the wrought-iron specimens, it may 
l>e {'bservvd that no definite result is arrivi^d aX, excvs^ \!b!^ 
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In the experiments od the wrongbt'-iron sppcinipas, tbe llni-cnded 
stt^el BpM'imen, anil tbu lead dpecinicn, do definite L'ont'lusion iriui 
imivftd ivt, thp material bciDg more or lets compn'ssed witbout any 
fmcture ensutiig. Ilencc it is difB<'u1t to draw eoneliisiona from these 
n-snltA. but ibo great amount of irork expoDded in eomprejaing tho 
t i-'iiigLt^ron tipecimeiis amounted in one case to 4,340 toot Iba., or 
<< ,\i\y twiee as mueb as was required U> Iraetiirc the round-end^ 
;>''< imcn of ateel. On the other hand, the bw ata^col I'csislance of 
■■.id coiTMpondB with a dynamii-al resistance almost equal]}' low. The 
vrurk rcijuireil to crush tamilar spcnmcng of east iron is nearly the 
MOW whether the ends be rouodoJ or not, tbe round-endivl re(|uiring 
rather more work to be cxpendixl than thoK with flat ends. The 
mean resistance of the specimens of cast iron is 800 foot lbs. per 
'^iiare inrb ; that of the specimen of steel is 3,51G, or mther more 
I ii.iu three times as mueb. Tbe conditions which would appear to be 
. -JraMc in proj(^;ti1es, in order that tbe greatest amount of work 
. ,.i\ be expended on the annor-plate, are, — 1. Very high statical 
-i'tiince to rDptnre by compresnon. In this respect wrought iron 
Ht>d steel arc both supenor to cast iitm : in faet, the statical resistance 
of steel is more than three times and that ol' wrought iron more than 
two «od a half times that of cast iron. Lead is inferior to all tbe 
other iiiateriab experimented upon. 2. Resistance to rbnnge of form 
ludur (.rrcut presures. In this respect hardened steel is superior to 
wrought inm. Cast iron is inferior to Ixith. The shot which would 
cflVrt tbe [irealcst damage to a plal.o woiili! be one of adamant, inca- 
Tiabh- of cliAiigc of Ibrm. Such a shot would yield up the whole of 
i>- rv i-ii'ii to the plate struck ; and. so fur as expetinicnt yet provei, 
Nroc ntiaJectUea wliieb approach uearest to lliis condiliciu are the 

t efeeUve. 

Mr. Fairhairn stated that steel shots might bo made at compare 

. > i'!y small cost. Mr. Bessemer had inlurmed bim that if he had a 

.r^'<> order hi-eould produce steel shot at lery little morv than llio 

■I. c of wrought iron. 

Mr. Nawnyth inquired whether chilled and cast-iron shot bad lieen 

iriui. The process of chilling east iron was a verj- simple and inex- 

peiuive one ; and if chillin;; llat-ondcd shot had not lieen tried it was 

wry ilurirable that it shonld U«. Mr. Fairbwrn sniit they had no 

pnKtienl experience in the matter ; bbt be buUo'v*! tliat the «bc«. 

(p^l^^UlM' «ii^ lo « owtaia «iM»t, lluy irai^&Bik. thtt <h» -w^iiAr 
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fihot, haying tbo same velocity when striking the object of resistance, 
'would break as if it had not been hardened at all. 

APPLICATION OF IRON TO THE CONSTRUCTION OF SHIPS OF 
WAR, AND ITS POWER TO RESIST PROJECTILES. 

In a paper recently published by the eminent English engineer, 
Mr. W. Fairbaim, the author, in a popular manner, thus sums up the 
aggregate of our present knowledge respecting the following topics : — 

1st. The description of iron best calculated to secure strength and 
durability in the construction of ships of war. 

2d. The distribution and best forms of construction to attain this 
object. 

Sd. The properties of iron best calculated to resist the penetradoo 
of shot at high velorities. 

Properties of Iron, — If we are desirous to attain perfection in 
mechanical, architectural, or shipbuilding construction, it is essential 
that the engineer r/ architect should make himself thorouffhly ac- 
quainted with the properties of the materials which he employs. It 
is unimportant whether the construction be a house, a snip, or a 
bridge. We must possess correct ideas of the strength, proportion, 
and combination of the parts, before we can arriye at satisfactory 
results ; and to effect these objects, the nayal architect should be cod- 
yersant with the following facts relating to the resisting powers of 
malleable and rolled iron to a tensile strain. ^ 

The resistance in tons per square inch of — 

Torkffhlro Iron is 24 50 tons. 

DcrbTshIro '* 20.25 ** 

Shropshire " 22.50 •< 

StAffbrdshiro *« 20.00 *• 

Strength of Riveted Joints, — The architect, haying fortified him- 
self with the aboye facts, will be better able to carry out a judicioQi 
distribution of the frames, ribs, and plates of an iron ship, so as to 
meet the yarious strains to which it may be subjected, and ultimate 
to arriye at a distribution where the whole in combination presenti 
uniformlty^of resistance to repeated strains, and the yarious changei 
it has to encounter in actual service. 

There is, howeyer, another circumstance of deep importance to tlie 
nayal architect, which should on no account be lost signt of, and thai 
is, the comparative values of the riveted joints of plates to the plates 
themselves. These, according to experiment, give the fbUowing re- 
sults: — 

Takins: tho cohcslrc ntrenfi^th of the plate at MO 

The Rtrcn^^th of tho doiihlc riveted Joint waa 7f 

And tlic ainglc-riveted Joint 50 

Tliese proportions apply with great force to vessels leqiuiii^ don 
riveting, such as ships and boilers that must be water-tight, and in 
calculation it is necessary to make allowance in that ratia 

Strength of Ships, — <3f late years it has been found conyemenVto 
increase tho length of steamers and sailing vessi:ls to as moch at tifjak 
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m times their breadth of beam, and this for two reasonB : first, to 
I ui increase of sptcd by giving Cnn sharp lines to the bow and 
Man; and, second, to sccun: aa intreasc of oapacity for the same 
iiBlMiip eeclioD, by irhiL-li tlio oarrjing powers of lUe sliip are greatly 
Ugmeoted. 14'on- there is no eerious objection to this increase of 
le^li, which may or may not have readied the maximum. But, uo- 
- ftrRiniUely, it has hitherto been aceomptiahed at a great sacrifice to 
— In ttrongth of the sliip. Vessels floating on water, and subjected to 
hswell of a rolling sea, — lo say nothing of their being stranded or 
"""n upon the rocks or sand banks of a leo shore, — are governed 
, f same lawa of transverse strains as simple lioUow beams, like 
n tab«s of the Cunvray and Britannia tubular bridges. Assuming 
'Ills U) he true, and indeed it scarcely requires demonstration, it ibt- 
loira ihat ne cannot lengthen a ship with impunity without addine to 
Ii^i' ilepth, or to the sectional area of the plates in the middle a£ng 
&e line of the upper deck- 

IfttC take a vessel of the ordinary construetion, or what some 
ran a^ wu considered the beat, — 300 feet long, 41 feet 6 inches 
mm, and 2G feet G inches deep, — wc shall be able to show how 
iudequatcly she is designed to rc^ the strains to nhit'h she would 



1ie aabjecled. To arrive at this result we shall approximate nearly 
1(1 the Imth by treating it as a simple beam ; and this is actually the 
M.1.', to some extent, when a vessel is supported at each end by two 
I'trm, or when, rising on the crest of a wave, it is supported at the 
(tatrc with the stem and stem partially suspended. Kow in these 
pMtioQs the ship undergoes, alternately, a strain of compression and 
sf tendon along the whole section of the deck, correspondiirg with 
tfaal str^Ds of tension and compression along the section of the keel, 
IM strains being reversed according aa the vessel is supported at the 
(ods or the centre. These are, in tact, the alteraale strains to which 
ntrfioag, vessel is exposed, particularly in seas where the distance 
between Uie crests of the waves does not exceed the length of the 

It is true that a vessel may continno for a number of voyages to 
rcwt the oootinuoiis strains to which she is subject^] while resting on 
WMer. But supposing, in stress of weather, or from some other 
(WW, she is driven on rocks, with her bow and stem suspended, the 
nrabobility is that she would break in two, scparadng from the insuf- 
odency of the dock on tho one hand, and (he weakness of the hull 
m the other. This is tho great source of weakness in wroughtiron 
vntels of this construction, as well as of wooden ones, when placed 

'.'liurqvs hi I'nj'jix^s. — Having directed attention to the strengtli 
111" til ill*, and till' iiocfssity for iheir improved construction, we may 
now nilvdl to x\\i' tliauges by which we are surrounded and to the 
re\olulioii now pt'iiding over the destinies of the navv, and tho 
ihadly weapons now Ibi^b^ for ila destruction. It ia not lor u; 
bu for all other mnritimo uatious, ihnt these Cyclopean monsi 
now tsniiug IWtm the lumacca of Vulcan ; and it behooves uU those 
Mposcd to such merciless enemies to be upon their guard, and to 
liavu their Warriors, Merrbiuics, aaH lIoHUors, Cvct tu-jA-j, t'lf^.'aHi, 
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in ninil irom »\vm to Ftorn. to encounter snch fbnnidablc foes. It 
hi\< boon seen. an«l cvory oxpcriniout exemplifies tbc same fact, that 
tlio iron shi]), Avith its cont ot amior, i» of a totally different constrac- 
tion from that of tho wotKloii walls whii'Ii for centuries 'have been the 
])ri<l«' and jrlon- of the country'. Threc-dwkers, like the Fic/ory and 
the VII fc. fJe. ParU of the last eentiir}', would not exist an hour against 
the sea niontitoi's now cominjj into use. 

The days of our wo(Mlen walls are therefore gone ; and instead of 
the ^Mllant In^aring of a lOO-fjun :*hip, with everj' ineh of canvas set, 
dashinjj the s!)ray irom her Ijows cind c.'arecriii;r merrily over the 
o:*ean, we sliall find in its plaee a black demon, Mrnie five or nx hun- 
dred f(>et Ion;;, stealini; alon^ with a bUiek funnel and llag-staC on 
her mis.<!iion of de.^Jtnu-tion, and st*nrcely se<'n alwve water, excepting 
only to show a row of teelh on each side, as ibrmidablo as the im- 
mense in»n eareasa that is lloating birlow. TWh may, with our 
j)n'sent impivssions, be <'oiiMdere«l a jierspectivc of our future na- 
vies ; — a view not en<'oiira;riuj;. 1 have noticed these changest 
whieh art> fast approaching, fmm the conviction that the proOTessof 
appliecl science is not only revolutionizing our habits in the acrelo|h 
ment of naval eonst met ions, as in ever}' other branch of industi^; 
but the art of war is nnder^join^ the same changes as the indostnal 
arts, which have so greatly inciv.ised our resources in tinu^ of peace. 
It is thcTcforc necessary to prepare <br the changes now in proffresi^ 
and endeavor to cHeet them on principles calculated not only to 
insure se«*urity, but to place Knjiland at the head of constructive ait 
It is to attain the^e objects that a long and laboriwis class of exper- 
iments have U'cn undertaken by the government, to determine 
how the future navy of En^^land shall ho. bui.t; how it should be 
armed, and under what conditions it can lx.*sl maintain the supremacy 
of the seas. This question dfx's not exclusively confine itself to 
armor-plated v(»ssels, but also to the <-onstruction of ships, which ia 
every ease should be strong and powerful enough to contend againit 
either winds and waves, or to battle with the enemy. It is for these 
H'asons that I have ventunM.1 to dire<-t attention to the strength of 
vinjsels, and to show that some of our men.'antne ships are exceedingly 
weak, arising probably from (rausi»s of a mistaken economy on the 
one han<l, or a doiiciency of knowledge, or neglect of first principleii 
on tin* other. 

Now it is evident that our future ships of war of the first class must 
be long and shallow ; morwver, tlu^y must contain elem(*nta of 
strenjrth and powers of n-sistanee that do not enter into the con- 
stnietion ot^ vessels that are shorter ami nearly double the depth. If 
we tako a first-rate ship of the presiMit construction, such as the Dtikt 
of Wtfliiif/fotK and compare it with one of the new or ibrthconuug con- 
stnietions carrying the same weight of onlnnm-e, we should requbea 
vessel iieaHy twice the length, and a little more than half her depth. 
Let us, lor example, suppose the Duke of Weiiinffton to be 340 ieet 
long and GO teet cleep, and the new construction 500 feet long and 
40 feet deej) ; we should then have for the resistamre of the Duke rf 
WcUiivfton to a trinsverso strain tending to break her back, 

ndc 

I 
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w ship, and give hei tlu^ £i 



1 of tbe bottom and upper 

1,223 tons, 

middle., L" 
a top and bottom, and again 



1,060X4GX6( 
300 



vhicli is a little n 



t than half tlic BtreDgth. From tbis it is obvious — 
If we are correct in our calculations — that ihe utmost care and at- 
ImtioD is requisite in de^^n and construction to insure stability and 
perfect sccuntj in tbe build of ships. 

Raittanee nf Iran lo the Penetration of Shot. — The nest question 
for tonade ration is t!io properties of iron best calculated to resist the 
p'meEratioD of shot at high velocities ; and in this I am fbrtmiatc in 
iving before me the csperiroents of the Comnuttee on Iron Plates, 
i')i had the following properties : — Specific gravity, 7.7G21 ; ten- 
strength in tons per square inch, 24.802 ; compression per unit of 
jt)i in tons, 14,203; statical resistance to puncbiug in tons, one- 
[j plate, 40.1801. 

I bi^ specinens sul^ected to compresaon gradually squeezed down 
■iii'-half their origmal height, increasing at the same lime in diam- 
■XV till they attained ninety Uins on the square inch. In Ibeso ex- 
ticriments, four descriptiooa of iron were selected, marked A, B, C, D : 
>&e two first and last were taken from rolled and hammered iron 
(lues, excepting C, which was liomogeneous, and gave higher results 
to teiunon and dead pressure than the others. 
Ib density and teriacity they stood as follows : ^ 



«..-p«* 


D=n.it)-. 


TtnuCtf m Tmu. 




An.t«, 

BPUtt* 

C FUtei, homagCDCtiQa. . 
D Fl«te> 


7.7035 
r.63S2 


23.3M 





Here it will be observed that the strengths are in the ratio of the 
ifenalies, excepting only the B plates, which deviate from that law. 
Oa the resistance to compression, it will be seen that in none of the 



experiments was the specimen actually crushed ; but they evidently 
gave way at a pressnre of th^leen to fourteen tons per square inch, 
and were considerably cracked and reduced in height by increased 
preasuTD 
From tbe eiperiments on punching we derive the t*swAiw«*i * 
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Ill forced tbm^tfaepUl I 



A, B, C. D pbte* to a. Batninded 

by dead pressure, as ftiUuwa : — 



B FUtei, 
C rUlM, 






S. 



y be Doliccd that tbc diflercni^e betwcoc the ttcel plsta 
ind the iron plaU'9 of Genes A U not eonsiderabla, 
thou<:h in all the others the steel pLatefl exiiilnt a mperiority io stati- 
cal ru^etance. 

Having aseertoined, by direct experiment, the mechanic^ reait- 
ance of iBfftrunt kinds of iron and st«el iilat<.>s to fori'ea leading to 
rupture, it is interesting U> observe the elo^ relation wluch exists be- 
tiTtiun not only the ehemical analysis as obtained b)' Dr. Percy, bat 
how nearly they approximate to tfia forte of impact, ai ■■'•-' 



. f, , , exhibited in 

:8 with ordnance at Shoebury 
Dr. tercy, in his analysis, observes, that of aU the plates tested at 
Shocburyness, none have been found to resist better than tboM i' 
■tered A, D, C, D, with tbu exception rf C. The iron of plate 
contained less piKnpbonie than either of the tliree. A, B, D, and it j 
clearly established that phosphoms is sn impnrily nhieh tends ia 
remarkable degree to rentier the metal "«Jd short," ' >--■-« 
-when cold. 

Thp following table shons the chemical compo^tian of these iroot 






D.OI«» 
O-OXETI 



o.uo 



Comparing the chemical analyas with the meebSaical properti] 
of the irons experimented upon, wg find that the presence <a^0JI9 

per cent, of carbon causes bnttleness in ''■" ■ — ■ — ' •■•- 

to be the ease in the homogeneous in 

though it was Ibund equal to A plates 

compression, it was very inferior to the othera in resisting c 

or the force of impact. It therefore follows that toughness 

with tenacity is the dcEoription of iron plate beet adapted 

sJioC at bigb velocities. It is also fouiva t\ia,l NrriKt^BX. iioa, ^1 
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fracture when broken by beodiiig, presents a widelj- 
?t when iuddenly gnappcid asundor hy vibration, or by 
*^™" a flhot. In llie lonnor cam Ihu fibre ia clongaU^ 
■eomcis dcTcloped in the ebajie of' thrends ae fine 
the latter the fibres are farokcu short, and exhilut a 
italline friw^ture. But, ia fact, every dcwriptiou of ' 
the first inslAni^ei and those erj'Ktatg, by cverj 
hanunering, rolling, ek'., bai'anie donj^a^, and 
ito fibres. There is, therefore, a widu ilifier- 
appiaranee of the fracturu of iron when broken by tear- 
idiiu;, and nhen broken by unpaet, where time is Dot bH 
be lOTCc produeing rupture. 
,* Mriett of experiments made at ManL-henter it wu fbundi 
_ I lilfttes of different thleknessea the re^istanee varies directly 
Uiicfcnvaii i that a, if the thieknese be as the numbers 1, 2, S, 
I resiataneo will be as 1, 3, 3, etc.; Init those obtained by 
St Shovliurj'nen show that up to a eertuiu thickness of plate 
•tance ofprojectiles increttses nearly as the siiuare of the Uiick- 
Iliat is, if the thickness be as the numbers 1, 2, 3, 4, etc., the 
le will be as the numbers 1, 4, 9, 16, etc., respoclivdy. Hie 
.', therefore, of the absolute destructive power of shot is its ru 
V. ita momenttim, as has been sometimes suppeecd, but the 
xnnnilated in it varies directly as the weight ol the shot mulci- 
to tho tquare of the velocity. 

e is, therefore, a great difference between statical pressure and 
I effect { and in order to ascertain the difference betwaeo 
■ud round-ended shot, a series of i'i|ierimi'nU were under- 
I an inslrument or punch cjiactlj similar in size and diame- 
Votsoly corresponding with the steel shot employed in the 
'■" M Shoebiuyness. The results on the A, B, C, and D 
the following table : — 



B PlttM, 

C PUt«, 
D riBlH, 



STflW 

7iMa 
«,iieo 



1S,TS8 



18,871 
7VM 



^ show that the statical resistance to nuuchinft is abont 
ilrbelhcr the punch lie flat^ndcd or rounif-^'ndal, the mean 
rttioof l(MHI:l,"ian. or8|perccnl. crpiittT in the round- 
It i», however, wiilclv ditTerent A-n wu vonn^ V 
fU, and euw\Miu\b wxlk^li 
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produced by the round-ended one, which is Sjt times greater. Heneei 
we derive this remarkable deduction, tluit whilst the statical rentance 
of plates to punching is nearly the same, whatever Ynay bo the form of 
the punch, yet the dynamic resistance or work done in punching il 
twice as great with a round-ended punch as with a fla^ended onei 
This, of course, only approximately expresses the true law ; but it ex- 
hibits a n*markablc coincidence with the results obtained l^ wdnaoM 
at Slioebur}'nes.s, and explains the dif}ci'en(*e which has been obBemd 
in these exi>erinienb*, more paKicuIarly in those instances when 
round shot was discharged fW>ni sonooth-boreil guns at high vckmtiak 
To show more dearlv the dynamic efiect or work done by the woA 
of shot which struck some of the targets at difierent veJocitiei, UB 
following results have been obtained : — 



Target. 


Vfeifht of bhot 
itrikinK tarsvt ; 

llM. 


Work done oa Tk|«L | 


Total 

FOOCllM. 


Fool Ida 


Thorncycroft 8-inch Shield, 
Thorncycroft lO-inch Embrosarc, 
Bobcrts'a Target 


1253 




37,1«V000 
10»72«,000 


fill 




MO 


822,000 


Fairhairn'H Target, .... 


1024 


331.000 


23,311,000 


Warrior Target, .... 


3229 


312,000 


02,570^000 


The Committee's Target, . 


6110 




124,006,780 





From the above it will be obsened that the two last targets hm 
sustained in work done what wouhl, if concentrated, be sufficient to 
sink the largest vessel in the British navy. 

We are all acquainted with the appi'arances and physical chan^ 
ter of artillery, but lew arc conversant with the nature of the operir 
tions and the effects produced 'by shot on the sides of a ship, or od i^ 
sisting forts and targets. 

The shot of a mm is simplv the means of transferring mechanical 
power from one plat'e to another. The gunpowder in the eun devel- 
ops, by its combustion, a certain quantitv of mechanical force, or 
work, as it is now called, and the object ot the shot is to convey tUi 
work to a distance, and apply it to an object supposed to be other- 
wise inaccessible. The diect of this, according to Mr. Pole's fir- 
mula, is — 

W = weight of the shot in pounds. 
V = its velocity in feet per second. 

Then, by the principle of r-w uira, the quantity of work stored vp 
by the moving mass, measured in pounds, one foot high, is 

WVa 



^9 



g being the force of gravity = 32 J. 
IliUB, if we have a shot, like thait 



reccuVIj iomAl ^QskuBd ^Qm^^i 
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, . „ .tfl ot' 1,700 feet por seconil, 

e will be — 

i.M4.(i7ooy ^ 
"i 

: the immense power that this sHwll body is able to ■ 

deUtcr on every rcastmg medium tcmliiij; to arri'st iln i-ourso and 
briug iu parhi'les lo s statn of rest. Or, in other words. It is equiva- 
km to raising ujiiTardB of 3,000 tons a fool high in the sir. 
_ Apfilication DA Iron for De/ensit<e Purposes. — But lel us next con- 
■dcr in what form, and undiir what circwnstancea, iron can beat be 
applied for the swurily of veesela and forts. To the latt«r the an- 
swer i*, make the batWry shielib iWok enough; bi-t a vwry ilifTerent 
toluCiaa id r«iuired for the navy, where the weisht and thlekooss of 
the plates is linwlcd lo the ewrying powors of tnu ebip. If our new 
cottUruction of Mpa are strong enough U> earry armaments of 300- 
T giiDs, wliieh is a^sumcn lo bo the rase, our plating of six or 
nches thiek would be nenetratPd, anil probably bei-ome more do- 
1 those on board ihan if left to make a free ita.'sagi! through 
dH- tfaip. In this ease mi Khould he exactly in thft same position as we 
VDTc in former days with the wooden walls; but with this difference, 
that if built of iron the ship would not take fire, and might be made 
ihell-proof. It is, however, very dilTerent with forts, where weight a 
not a coiiaidoration, anil those, I am persuaded, nmy be made »atS' 
dratly flTOog to resist the heaviest ordnani'e that con be Iirought to 
bear Bgainat them. In ibis stalemenC I do not mean to Ray that ships 
of war should not be protected, but we have yet to learn in what form 
this jtrotM'tion can be eOceted to resist the powcrfid pieces of ord- 
nance, and oihets of still greater force wHch arc looming in the dis- 
tance, and arc sare to follow. 

A great ouliry has been raised about the inutility of forts ; and the 
Boremmont^ in compliance with the general wi^h. has sus[iciulcd 
utoao at Spithead; I think improperly so, as the recent experiments 
at Sboebarynea clearly demonstrate that no vessel, however well pra- 
lected by armor-plales, could retnst the effects of Euch powerful artil- 
tanr; aod instead of the ivntcst betwcmi the Merrimae and Monitor, 
and ihM of the 300-paunder gnn. Iieing against, Ihe results arc to ap- 
pcsnuiee in favor of forttt Shonlil this be i-orrccl, wc arc now to 
MDiider lioff we aro to meet and how rcnsC the Nnnshiog force of 
■Kh fmwerful onlnnniT as was levelled against tbe Warrior target. 

During thL' whole of the experiments at Shooburyness I have moot 
iaumtly watL-hed the i>nV<cla of shot on iron plates. Kvcry descrip- 
^Dn or fomi and nuality of imn hna been tried, and the results are 
Mill far from Kiiisijuinry ; and this is the more apparent rince tbo 
inUadiii^tioii of the l.ii'p- thri>e-linDilruil-pounder, just at a time when 
oat previoUH cxpi'iinn'tits were fairly on Ihn balnnee with the forty, 
iixty-«iglit, onc-hiindrcd, and one-and-twenty-sii-poundcra. Tlipy 
BOW appear wortldc>*i. anil nothing ia Icll but to bfgin our tabors 

U has Uien a qucalion of great importaiiL'e, after havingdoter- 
i Utc Uk of rcaistani-e and tlui rutiul^u wui^l>j ot V\ve \i 
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aftwched to tbe sides of the ship. Great dEffereiiee of opfanoB cmh 
tinufrs to rrxist on thL* subject : sctao are for entirely dimiuni|^ with 
woorl ; probably the ^-ater number cooteml fiir a wood backing. I 
confers mv.se1f in thi' minority on this question; and, juicing from 
the exp«.'nment«, I am iiir-line*! to believe from past expcnence thif. 
wood combined with iron a inferior to iron and iron in its power ef 
resistance to shot : and I am fullv persuaded that ultimately tbe irai 
annor-plates must be firmly attached to the side, teehnically called tfe 
skin, of the ship. It mu^^t, moreover, form part of the Aip itseIC lad 
be so arran^ieo and jointed as to give security and stability to tbe 
structure. It must, however, be admitted that' nlates on wood back- 
ing have certain advanta^^es in softening the blow, bat this is oafif 
at the expense of the plate, which in much nKnrc deflected and drifes 
into the worn], which, from its (txnpre^bility, presents a feeble iiq>- 
port to the force of im[)act. A^ain, with wood intervening betven 
the ship and the iron plates it u impossible to nnite them with loag 
bolts so as to impart additional strength to her; on the cootraiy, thiy 
han^ as a dead weight on her sides, with a constant tendency to Mr 
her in pie<res. Now, with iron on iron, we arrive at very different aad 
superior results. In the latter, the armor-plates, if properly appM, 
will constitute the strength and safety of the stmetnre; ana, not- 
withstanding the increa.«<4Hl vibration arising from the force of impaei 
of heavy shot, we ara nK)r(? securer in the invulnerability of the plalMi 
and the su[X'rior resistance which they pres(*nt to the attack of the 
enemy's guns. In tlu^se remarks, I must not, however, attempt IB 
defitnd iron constructions where they arc not defensible, and i M 
bound to state that in ("onstnictions exclusively of iron there ii i 
soun^f of dangftr which it is only fair to notice, and that is, that Ai 
nn<iilt of two or more heavy shot, or a well-concentrated &«, imiht 
not only peni^trate the plates, but break the ribs of the shipu Ail 
occurrcid m experimenting on a target of iron of my own constmciion, 
when; a salvo of six gims concentrated four on one spot, not more tku 
fourteen in(*hes in diameter, went through th(* plates, and carried awij 
a part of the frami; bi'hind. The same eiTiHit might have taken plaet 
with any other targ(*t ; and c(»rtainly nine inches of wood are of nttil 
value when a8sail(><l by a powerful batter}* of heavy ordnance and a 
welU'oncentrated fire. 

HAKUFACTUltE OF ABMOK-PULTES. 

From a paper nrently contributed to the Institution of Mochaai- 
cal Enrinc»ers, Birminchani, Eng., by Mr. John Brown, of Sheffield, 
and publishcHl in the U>nilon MirfuimW MaffnziM, we make the fcl- 
lowing extracts n*siM>4>ting the nro<.iw hv which iron platce for the 
nnnor of shiiw an» fabricatinl in Gn»at Britain : — 

Two methods of producing lai-ge masses of wrought iron have 
Ih'imi in us*;; the fimt by the i»ro<oss of building up under the steam- 
h.nnnicr. and X\w siM-oncl by liuildiiig up under the rolU llnder tbe 
stcaui-lianmicr, the jjlate iJ ])roduccd by wielding t0Gi*ther lumps or 
masses of wrap iron. vi\v\\ nin.ss of scran being addiMl and wohkd 
to the end of tlu» i)late, until it reaches tlie nnjuired length. Fbttes 
miule in this way have lxH»n Si'riously obji^'ted to on account of their 
im'tUeaom; and it is reasonable to sup\w«Q xVaI \\ua u»^qC mana- 




t likely to induce brittlenead. There can Vardlj' 
be taf cootiuuity of libra in a plate Ibrfied from masseB of scrap 
bun. periiapa of ditTcrcnt quaiitiea, I'Bcfa A' different beata ; tfac Dft- 
Itire at' tbe vreld anil ita fhrm, anil thv repeated fooliu^ ami re-heatjog 
cf the pbtCe. are also Adverec to \ln posauaeina great tmighnpsai Thb 
leUml plai^ have been &un<l more unilbrai in quality and of greater 
loitf^hni^i than the hammered ; and though the difficulties in Ilieir 
uann&ctarc arc graves theru is nn departure &um the onliuaiy prac- 
tiuT (iiUokhI in making large plates tor other puqiottes. The dimcul- 
tiea whii'h do exist are chi^y due to the immenHc weight and nze, 
•ltd the intotcrahle heat of tbe raaaa, nhich must bu dealt with while 
•I A welding tcmpcniturc- 
I Tbe general aize of the armor-plates re<|uired for the plated fiig- 

" ■■ ""w building in England i8 from fiftcfn to eiphtet-n feet long, 
ID feet six inches to three f»;t ten Inehes wide, and lour and 
r inehcfl thick. The wclsht tbert-forc of the 6Diiibei] plaU 
"rm eutj to one hundred and ten hundred-weight ; and in 
iiriied state it eomca from the rolU at eighty to one hundred 
y hundred-weigjit. From three lo four mchea is cut off litf 
d tt^n or twelve from each cud ; and in this item of iragU 
mering proceas baa an advantage over the rolling. 
B mode ot^ manufacture of a five-ton plate ia as fbUowg : Bus 
ire rollud twiJve inches broad by one inch thick, and are 
o'lhirty inches long. Five of these bars are piled and rolled 
■ Twign slab. Five other bars are rolled down to aoodier 
b, and these two slabs are then welded and rolled down to 9 
Qi one and one-quarter inehes thick, vrhirh is gheanid to font 
loarfk Four plates Ukc this are then pled and rolled down to 
late of eight feet by tbur feet and two and one-half inches thiukl 
■ally, tour of tbeK are piled anil rolk'd to Ibrm the final entire 
'nwn: ore thus welded up together one hundred and mxlj 
M'of plate, each of which was originally one inch thick, U 
1 finished four and one-half inches, making a reduction of 
limes in tbickncss; and in thi« operation &am thirty^va 
. . a forty hundred square feet of suriace have to be pvcfectlr 
d hy the process of rolling. It ia not surprising that oven witli 
Utt care blisters ami imperfect welibi Biiuuld exist and render 
e defective ; (his is the chief difficulty to be overeome, and a 
ions ooe it is ; and as the magnitude and weight of the ptat« 
) does also the liability to failure. The final iqicration at 
13 four plates of eight feet by lour feet by two and one- 
_ is A very mtii'al inatl«r. To bring a pile of four phrtea 
S lUmcnsions up to a perfect welding heat all through the 
'iboat burning iJip edges and ends of the plates most exposed 
re ; to drag this pile out of the furnace, convey it to the rolls, 
e it between them, in so short a. lime as to avoid its logins the 
, hent. is a mailer of tireale'' difheult^ than thoMU unaniunintvd 
• wurk wraitd imaGnnc. Tlie intensity of the heut Ihniwu off 
It uuviidumble, will llio loss of a few uKuni^nts in the convey- 



lie from llio fumuee to the rolls is fatal t 



i ia nupwttA liii(BW»>'*toireiA\n^ 
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a fiberatiiig chain attaclied to the roll on to an iron caaanagid^whkh 
conveys the pile to the rdls. Hie cairiage travelB npoD a Ium of 
rails let into the ground ; and clofle in front of the roll frame ii a 
small incline upon the railway, which lifts up the front of the car- 
ria^ at the moment of its arrival at the rolls, and enaUes it to 
deliver the pile upon the fore i^te. As the plate PMMS through the 
rolls it is received on the other side upon a roller nrame, which is set 
at a considerable inclination toward the rolls, so that the tendency 
of the plate b to return. The rolls are then reversed; and the i>late 
which was pressing against them passes back through, and is received 
upon the carriage ; and again tne operation is repeated, until the 
ten inches thickness is reduced to four and one-half inches. The 
plate is then lifted off the carriage by a crane, and deposited 
upon a massive cast-iron straightening bed. Here an iron CTlinder 
weighing nine tons is rolled over it to and fro, beins pinched aloog 
by hand levers, until the curvature which the plate nas^ aoqmred in 
the rolling is entirely removed. As soon as the plate is'simicientl7 
cool, it is lifted off the straightening bed by another crane, and bud 
upon a planing machine, where the final operation of planing ila 
Bides and ends is completed. 

BECENT APPLICATIONS OF SCIENCE CONTBIBUTING TO THE EPII- 
CIENCY AND WELFABE OF MILTTABT FORCES. 

The following are abstracts of points noticed in a lecture on ths 
above subject, recently delivered by Mr. Abel, Director of the Gfaenh 
ical Estal)lishment of the British War Department: — 

A subject of importance in connection with the repeated firing of 
a rifled gun relates to the solid substances, or residue, obtained on tha 
explosion of powder, particularly in a confined space, such as tl» 
barrel of a gun. In tne old smooth-bore cannon or small-anns tUi 
residue was carried away, to a very great extent, on the dischane of 
the piece, by the sudden rush of gas, so that a cannon coold esaSy ba 
kept clean by the employment of a mop or sponge after the diachio:]^ 

But in the case of the rifled gun with expanding projectile, wbaA 
may be regarded as a close chamber for a short interval after the dia- 
chaj^ (as the projectile, when acted upon by the exploded powder, 
exactly fits the bore of the gun), this escape of the gas is, company 
tivel^r speaking, greatly retted, so that the residue is no longer 
held in suspension and swept out of the gun to any important extent 
It is, moreover, powerfully compressed by the force of the diacham; 
consequently we find largo masses of residue accumulating in ua 
barrel. Its quantity is, moreover, greatly increased by the chaired 
remains of the cartridge-ba"^, which, m the smooth-bore gun, is afanoit 
entirely expelled on the discharge. It lias therefore been a matter 
of OTcat importance to promote the removal of this residue, ao thai 
eacii dischiu^e should at any rate carry away the dirt or rcsidno left 
by the preceding one. In cannon this is very readily effected by 
the cmplovinent of a wad of hemp or some similar material thor* 
oughly saturated with fatty matter, or by the use of a cake consiating 
of the lubricating materisd only. Sir W. Armstrong places a labn- 
ftii^ wad between the powder and the projectile \ Mr. Whitwerth 
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s the charge of powder in a niet&llic (-asc, which he liliees with 
a cake of labriutting material. Od the discbarge of the cim the fatty 
iiiallt^r vs in both instances diBtributed over the whole of ita intemu 
^urlacc, and effwtually promotes the removal of the re^due. Mr. 
Whitworlh's metallic eartridro is removed from the gun after the 
li^-harge ; by it« me he avoids lulding to the rcaidne of the powder 
'.'"• charred remBins of a combustible cartridge-bag, and he al«ore- 
il:>ivcc, in (he ease, that porUoa of the powder residne whith would 
'ithimrisc be deposited in the breech of the gun. 

In the case o( rifled small-arms the use (^wods is coiuidered objec- 
II, except in .special instances; the lubricant has, therefbre. to 
' id to the e.^lerior of tliat portion of the cartridse-papcr wUch 

s the bullet. The seleclion of a suitable lubncatiDff material 

far tUs potpoee has been attended with considerable dilficultj. Tol- 
liw WBB fiwt employed, in admixture witli suffii'ienl beeswax to harden 
k aoDtewfaat, ana to enable it to renat the cITccts of warm climates. 
llWM fimtd, however, after some time, tliat the tallow, penetrating 
' t pBper, exerted a corroeive action upon llie metal. It is well 
own that when such an action ia ooce established upoa the surface 
ot Irad it will, under favorable conditions, readily extend into the 
~ "■ of the metal, the ori^nal diameter of which becomes much in- 
-Md as the oxide of lead formed comlnnes with carbonic or other 
a *nd water. These bullets [aUudiiig to specimens on the table] 
e rootainedjn a shrapncll shell, and tliey represent Ilia condition 
rlncli many others were found after reniaiiiiri]; for some time in 
They were all of the same diameter orieinally. In seme of 
boUcts there is only a nuall central nucleus of compact lead 
This corroaon was undoubtedly established in the lirel 

, a ranall quantity of add matter derived from the crude 

rarics with which the shells were closed, and which was conveyed into 
•L„ ,i,.,ii hy mdsture penetrating through the cork. The destructiaa 
■ ' 'iiljets has been the result of a verj' crodual corrosion, con- 

<j several years. But here arc bulleU, very considerably 
iiivered in several places with a hanl crustof compounds 
. <jl' lead, whereby theu* lUamcter has become so greatly in- 
crvased that they cannot without much difficulty be introduced into 
tbi rifle barrcL These bullets have only been exposed ibr a few 
moanhf to the aivin contact with a small quantity of fatty matter, 
ndi a* tallow, which, becoming acid by almoephcric exposure, has 
•MafaGidied and carried on this corrosive action upon the lead. The 
llHH'iliiiii II between the original diameter of an Enfield rifle bullet 
«ri that of the luuTt'i only amounts to 0.2S of an inch, and this is 
dininulied to 0.1 of an inch by the paper and lubricant which sur- 
maui ^ bullet. You will therefore readily undentand how a slight 
II iiimi ui the diameter of the boll, due to the formation on its sur- 
1 im flf • hnnl crust of the products ot' corrwion, might render ila 
'[^imdnetion into the barrel difficult or impoei^ble, particularly In 
< ti«ei serricc. It therefore became necessary to replace the tullow 
tiiUiro hy aomt! other lubricating material which would not uRect 
- ,r liulluU tnjurioiuly. Just about the lime tliat the disturbaucea in 
lr:(]ia eumnieDced, the subject was receivins invotigation. and, nftet 

I iiij wiMw *mH bamwux mm fcaad tol» ft» xbox witOim -mn-j 
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teriaL Thongh bo very dissinular to the •Dbstances genenLj vaaAm 
lubricants, its cleansing properties in the barrel of an arm arc remaik- 
able ; it producer a lx*autitui glazing or surface upon the metal, whick 
prevents the adhes^ion of any of the residue. When pure it ezhibiti 
no tendency to promote the coiTosion of lead, nor docs^ it undeiso 
by long preservation any change likely to prove injurious to tae 
metal. After the introduction of beeswax it was found neceisaiy \o 
disc*ontinue the use of the ordinary vegetable oils, applied to tlie lubri- 
cation of bullet-making machines, as it was discovered that even tkt 
minute quantity of oil remaining upon the bullet after it left the 
machine and liad been cleaned was sufficient to establidi a contxiTa 
action upon the lead. Recourse was therefore had to the nentnl 
and permanent lubricating oil ])repared fix>m petroleum. 

All are doubtless aware that voltaic electricity has been mocea- 
ftilly applied, ^r some time past, to the discharge of minea^ Thb 
limits of my time will not permit to enter into details with reqiect 
to the methods hitherto in use for calling into play the heatinff pow- 
ers of the voltaic current to the ignition of powder, which, I mif 
just remind you, are based upon the resistance offered to the paaig6 
of a voltaic current through a metallic circle by fine metal wires of 
inferior conducting powers, such as iron or platinum. By the intro- 
duction of short lengths of such wires into those portions of the cir- 
cuit which pass tlirough the charges of jwwder, the passage of the 
current will cause them to become heated to such an extent ai to 
effect the ignition of the {Mwdcr. Although by sucli, or similar ar* 
raugements, one or two mines may Ix; discharginl with certainty br 
the direct application of the curriMit obtained from a battciry of mod- 
erate power, more extensive, and particularly sub-marine operaliooi, 
can only be eficcted by the employment of ver}' powerftil oatterieiy 
and are even then attended with considerable uncertainty. TheH 
circumstances, combined with the very great inconvenience and riifc 
of accident attending the transport of the l)attery and the acidi and 
other materials' re<|uired to set it iu oi)eration, and the nmneraet 
points to be attended to in order to ensure the full development nd 
application of the battery- j)ower, have led to the prosecution of m^ 
merous experiments, in different i-oulinental States and in this oam^ 
try, for the purpose of rendoring this pai*ticu!ar application of electri- 
city more certain and simple. »Some successful remits have attended 
thi> use of the electricity of high int(*nsity obtained by means of the 
powerful electro-magnet coil-machines const ru4 'ted by Kuhmkorff and 
otliers. By their einployment, with appropriate fuse arrangcmenti 
for effecting the ignition' of the charge by means of the spark, the 
batti'ry-power necessary for firing a niiinlxT of mines is very conad- 
crably rtnluced. Tlie inost j)erfect of these coil-machines, even whea 
arTfOnged in a form suitable fur tran8]X)rt, are, however, very liaUe to 
injur}', particularly in the hands of those not thoroughly acquainted 
with the principles and delicacy of their construction. Their em- 
ployment, moreover, still necessi'tates the use of the voltaic batteiy. 
Although, therefort*, these machines doubtless admit of application 
with great advantage in special coses, they are not likely to be gen- 
erally substituted for the old arranrremcnts. 
Iu Austiia /cry important resiutft are aa]^^ Va Va^^ Vmou ohtiunftd 
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the emploTtDBDt of frictional in the place of voltaic ilcctrieity. A 
J pmtable BrraDgemcDt of a plate-cleetric marliiuc, with LcydeD 
jun add tbe ulhcr ncc&tsary implemcDls, ui<l with a iimall stove at- 
tached U> protect the apparatus from the prejudicial inl«rfereiice of 
diunp, has been emplojed with auecesa in some extensive operatious in 
that countiy, a> many as one hundred chsirges having been umul~ 
taneousl^ fired by its uieana. 

Some retults obtained in coanection nith Professor Wheatstone, t" 



nro*e«utinff an experimental inquiry into the merits of the difTurent 
iarnti of ctet-'triuity in their special application to the explosion of 



rectud to the apphc 
permanent magnets, it was found that, although eunpomier could 
on ignited by the magaeta-«leetiic »park, the expToiuon of a single 
cbarae, by the une even of one of the most powerful majpiuto^lectric 
macninfts, could not he relied upon with any degree of ecrtainty. By 
ctBpioyiag, as a priuiing material, a cunpowdtr t«ligbtly modiHed in ita 
nimipfijitiiin go as to iucreBse its conducting power, the ignition of one 
cka^H^ but of one only, was effected with certMuly. After trying 
with DO better niccesi a large number of explosive compoaitions of a 
nore aenaitive character than gunjnwder, I at length li^ht«d upon a 
material wbii^b ccmbincd the properties evidently casential to the buo- 
eessfiil employment (if the magnet, namely, considerable sensidveness 
a* an exploiive and moderate pnwer of condui^tinq the eurrent. By 
its employment as the priming material, in connection with an appro- 
priate fuse arrangement for the purpose of permanently fixing it m a 
HMdoa most favorable to the proper action of the cnirent. it was no 
longer necesaary to employ a powerful magnet to eflbctwilh cortunM' 
the espliMon of single charges. Here is a small electro~magnetiC 
maehine of comparatively low power, of the kind and size employed 
by Mr. Wheatatooe in bin smallest pOTtablc magneto^clectrii? telegraph 
instruments. 1 have connected with it, by means of these two long 
wires, two small charges of powder, each containing the primed 
fiue just referred to. Vuu will perceive that as soon as the aclion of 
the uwlrument ts established by ai'Uiug in very rapid motion this little 
anuigeuient of multiplying wheels in connection with the movable 
■nnatuTe, the charges are exploded. Advantage is taken of the very 
n^aA lucceision cS currents obtained from such an inEtrument as 
do*, or. belter still, of an arrangement of sevL'nil such oluctro-mag- 
B«t«i to efiect the ignition of a coueiderable succession cf charge* 
with inch great rapidity, that the result ui practically the same aa 
though the? explosion of the wbote number occurred iiiKUntaoeoudy. 
A portable eorabinaiion of several of these little instrunicuts, each aa 
ha* raadily been devised by Mr. Whealsbiue, niid is ■•ontaiued in this 
BiuaU box, is all that is, therelbre, reiiuircd, in iidditinn lo fuses and 
CDtinectiiig wires, for exploding, at the Hhorlest notice, a considerable 
aumber of mines. The advanto^s ofTcreil by the use of such an ap- 
[Mratus are very important. With the most ordinary care it is not 
ijury or disarrangement : it is exceedingly transportable and 



raady lor 



t any mumeut, and the Boldier requires but very littla 
ts employment. Ue lias only ta plai;etiiQkiuVculcyKD.t>ia^ 
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connection witb the mines and the earth hy memns of these screws, to 
torn this handle as rapidly as possible, and to depress this key when the 
signal to fire is given. It will, I beliere, be evident to all present that 
this system is vcr^' greatly to be preferred to the plan of exploding 
mines by voltaic agency. 

Before quitting this subject I must jnst allude to the soccessfiil 
application which has been made of Tulcanized Indiarmbber to the 
preparation of receptacles for the powder-charges employed in sab- 
marine operations. Such bags are perfectly water-tignt imder Teiy 
considers^le pressure ; they are far more easily transportable and gen- 
erally manageable than the wooden or metal vessels which have hitb- 
erto been employed for the reception of powder to be exploded nnder 
water. 

The following plan for protecting trooden camp-huU ^rom Jbre has 
been found efficient in the British sen ice : — It consists m coating tlie 
wood with a species of artificial stone (a double silicate of lime and 
soda), readily produced by applying alternately a solution of sohible 
glass and lime-wash to tlie suriacc of the wood. This coating has been 
found to ofier very great resistance to fire, and to be very durable 
when exposed to the efiects of rain and cold. Attempts hare been 
quite recently made to afTord a similarly permanent protection to tents, 
by the employment of silicate in some form, which have led to the dis- 
covery of a simple process whereby canvas may be thorooghlr im- 
pregnated with an insoluble silicate, which protects it to a remanoUe 
extent from fire. 

The regular supply of drinkable and wholesome water to troopt at 
fbreign coast-stations, and in positions temporarily occupied in time 
of war, has on many occasions been attended with formidable difll- 
culties, which in some cases have been met by the employment, in 
such localities, of the apparatus introduced by the late Sir Hioinas 
Grant, for the production of fresh water, on board ship, from aea- 
watcr, and which has, for some time past, been ^tensively nsed in 
the navy. The apparatus simply consists of an efficient condenier, 
whereby distilled water is produced from the steam generated in the 
ship's or other boilers. The product, which exactly resembles ordi- 
nary distilled water, though drinkable, is by no means pleasant, when 
first obtained; it is cntin>ly wanting in the briskness more or lev 
common to all fresh water, and which is due to the gaseoos matter 
contained in solution. If this water be, however, kept in partially 
filled taiiks for some time, and particularly if by the motion of a ves- 
sel, for example, it be maintained in continual or frequent agitation, 
it becomes partly aerated, and is thus rendered somewhat more pala- 
table. It always possesses, however, the peculiar unpleasant flavor of 
distilled water which has been produced from steam generated in 
metal vessels, and which is due to the presence, in solution, of 
minute quantities of empyreumatic matter resulting from the decom- 
position of organic substances contained in the water. This flavor 
may be at once removed by passing the aerated water through a ves- 
sel containing charcoal, wluch absorbs the minute quantities of Ofganio 
tnatter, and promotes their rapid oxidation by the oxygen diMolTod in 
'le water. 
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B t ctutntuiig the sppliraticm of this fact with a simple, ingcniou*, 
and Terr efficient mctJiail of aerating the ilLetilled water. Dr. Kor- 
m&uily lia> Kuuocedeil ia effi.>cting one of tlic moat important and 
recent improvenientB in the purification of water, and onu which has 
already received ecveral appucationg in conncrtion with the military 
f«n'iec, though ita benefits will unquestionably be far more cxCen- 
BTel^ osMrienoed by nil branches of the marinu service. The follow- 
ing la subBtantially the action of Dr. Normandy's apparatus: — The 
beat of the steam which passes over from Che twiler into the appara- 
loa is made to perform, in Buccesaion, two important operations. In 
the firtt instance, it is applied to the productioa of a freali quantity of 
ileani (equal in lolutne to that obtained from the boiler) ; this is very 
•implj eflected by employing so small a volume of water for condeni- 
JBg tbo first steam (which always enters the apparatus under a slight 
^^^hHMire) that tbc former is speedily raised So a temperature at which 
^^Hb ra{w)ty converted into steam, and at whieh it is maintmned by 
^^^Kftbte arrangementA. This second portion of steam is made to pafs 
^^Hb another condenser, differing in its arrangement from the first tti 
^^&s, that the condensing water employed in it is lery gradually bat 
continuously replaced, so that, though ita temperature is not raised to 
the sante extent as that in the first condenser, it becomes suOicienlly 
Itot, belbre it passes out of the apparatus, M part wiih nearly the 
whole of the eoseons matter which it cont^ns in solution. The |i;as 
ibu* expelled uom ihe water is made to mix with the steam produced 
in the Apparatus, us described just now, so that the latter, on its con- 
donaatiou, furnishes distilled water, th(»oughly saturated with the 
natter derived from the original water. This aerated pro- 
1 passing into a refrigerator, mixes with the first product, 
_ is nmply ordinary distilled water, and the whole then flows 
igli B cylindrical vessel filled with wood-charcoal, from which it 
m bliKht and sparkling water, completely free from any trace 
usual flavor erf' distilled water, and as palatable as the best 
water. An apparatus of this kind was employed tosupplythe 
B Legion with water at Heligoland during the late war-, two 
' e have been dispatched to China for the hospital sliips, and 
utt many coses will occur in which it will be applied with 
fit to the supply of wholesome water to troops. 
'» Cooking Afiparatuii for the field, which is a great improve- 
* Neards oconomy and comfort, and which has been introduced 

« BnUsh service, cooeists of a number of long cylindrical kct- 

k (which ma^, if necessary, bo maile to serve the purpose of pon- 

~-), and which are used in the following manner : Four trenches 

g in the form of a cross, each of eufiii'icnt length to receive two 

placed end to end, and of such other dimensions that the ket- 

sll he supported by the sides of the trenches, of which the 

aortions are tbut converted into flues, all communicating witha 

i tibeel'-iron chimney. The kettles are, therefore, healed by 

g « fire at the extremity of each trench, and wiUi dgbt of 

IIIm, arranged in this manner, sufficient food for eight hun- 

■'CB&ba cooked in about throe hours with a vcty tnuul ejcpen- 
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SOME OF THE CAUSES, EFFECTS, AND XXLTTABT AFFLIGATIOira 

OF EXPLOSIONS. 

The following b a report of a lecture on the abore rabjoct reoentfy 
delivered bcibro the Royal Institution, London, by Mr. Abel, director 
of the chcmi('al establishment of the British War Department 

The phenomena which we are in the halnt of claiwing nnder the 
term explotiions are all due, I need scarcely say, to a aoddffli and 
considerable expansion of matter. The succeadid effort, fin* exam- 
ple, of confiniMl ]>articie8 of air to escape from the bonds within 
which they have been ixnnpressed, and to re-assomc the podtioD 
which they originally occupied relatively to one another, is always 
accompanied by the production of sound, the violence df which is 
r3g:ulated by the cxteut and suddenui*ss of the expansion and the 
amount of resistance to be oventune, and, consequently, by the vio- 
lehce with which the particrles of air dash against and impart vibra- 
tion to the surrounding atmosphere, or other particles of matter with 
which they come into collision ; as is the case wnen I compress air with- 
in this bladder, until a point is reachiKl at which the cohesiTe fivoe, 
holding the particles of tlie bladder together, is overcome by the praa- 
sure I'xertcu from within, and we havi^ a sound produced. [This was 
illustrated 1)^' air*s being forced by a syriugi^ into a small India-rubber 
balloon untd the i>ellicle burst with a slight report] What we call 
explosions may also Iks produced by a sudden or very rapid conTer- 
sion of solid or liquid into a gas or vapor, by the sudden chai^ of 
stat<' (as we conuuonly call it) of matter, brought about by the action 
of heat, which is therefore one great — in fact the most important 
soun'e of exi)losions. 

As it is, however, impossible to treat the whole subject of explo- 
sions in one lecture, I thereibre confine myself to the constderatran 
of those explosions which are brought about directly or indirectijr by 
chemical agency. 

When chenucal action produces, or is followed by, an expUon, 
we know that the main cause of that explosive effect or reeok, of 
which I have just endeavored to point out the general nature, is the 
development of heat consequent upon the disappearance of chem- 
ical activity; and we also know that the axnount of heat ^- if I maj 
use this term in speaking of such an i^ncy of heat — corres p onds to 
the energv of the chemical action ; just m proportion, therefore, as 
we have chemical encrfsy exhibited, we have heat developed. Tliere 
is another cause to which we may refer the production of ezplosioDiv 
and that is the alteration in the state of matter resulting simply from 
chemical change. Solids may, as you all know, be, under these cir- 
cumstances, converted into vapors or gases; such changes may be 
effected very suddenly, and quite independently of any neat derel- 
oped ; and the sudden expansion thus brought abcnit would natUFaftj 
produce the effect of an explosion. Wo may readily conceive that, 
if a small quantity of powder, such as the charge uschI in a amaU-ann 
or rifle (weighing about seventy-five grains), were suddenly converted, 
iudependently of the action of heat, into a considerable volmne of 
£[as, an explosive effect would be produced. But, aocompanyia^ 

*« change of state, wo have, in the actual caaa of the explosion. 





uechasics akd usefht. acts. 87 

heat ilevelinied, resulting from the chcniii'ul tran^ornia- 
and that heat, by its c^ipan^vu eflbct, coutributes far ninrc lo 
mxiuctioD of the vifdent eiplcnon than the men} aiteratioa of 
rMaltiug from the cbemical change. This may readily be itD- 
•mdent by compann^ the volume of pas wliii-h, by theory, 
"" prodni-ed by ignition of the. powdcT, taking into conadfra- 
ligianuve actiini of the rcgniting heat, with the eompnra- 
B Tolume irhieh the gaa would ot^npy at tonunon tempera- 
he difierence in rolutnc of the charge of gunpowder And 

^_ a produced under tho above (.'in'umstantes was illustral«d 

hr means of cubes.] 

Now, there are sercrai classes of chemieal action by whii^b explo- 
• may be brought about. First, wis are aci^uamled with a tew 

B in which explosions result from chemical comtunatiou, m 

laae of some elementary bodies which poesen a tendency to 
r inta ctmbinalion with great energy, and consetjuently with 
_,.a«ve' violence. There are numerous instancea of cooibinalioD 
r » very cneisetic character, especially between compound bodies, 
nt very ibw of tbem, indeed, produce eiLploiuve results, simply 
bccaua.' the combination proceeds in comparatively a gradual man- 
tier. As I have wid before, it just depends upon tho rapiditT of 
Action we can establish between bodies — upon the intensity of i^lietu- 
ii'al affinity eshituled by bodies when they are brought together — 
whotber we produce a sufficiently sudden expan^on of matter to 
bring about an explosion. In a case of leeblo chemical aclion, nich 
I that of au aeid upon a weak base, heat is duvGh>ped but ^wly 
* ti oumparativety a slight extent, because of the very gradual 
a ut the combination. Thus, if we dianlvc this oxide of xim^, 
_h is a weak base, iu acid, tho heat developed will only gradually 
t tlio very liiaible material (paraffin tor inataucc) with which this 
■el i« coated. This is an example of feeble ch^cd action. If 
I procfied a step further, taking, for example, such a sulistiuu.'o aa 

' '-|c of phosphorus (anhydrous phosphoric ocid), which poBsesses 

lemical affini^ fiu- water, and we allow it to comlunu with a 
1 <)uantity of that lirjuid, we <ib8vrvc that it will do so much 
■ -Ticrgcticolly than the oxide of zinc did with the ncid. prodnu- 

tost an oxplaiive result. We havK a proportion uf tile wat«r 

_ Miiy converted into vapor by tho heal devcloi>ed, which is inffi- 
jntlr micuae to ignite a nighly combustible moterid. as we find if 
B mom gun-cotton to come in coattu.-t with the oxide of pho^iborus 
Wh we are eomUning with watur. If two very ai'tivu iilcmentftry 
ldlM> auch a« bromine on the one hand and poisaium (or iron) ou 
I otjwr, arc brought tooelher, wo find that a fltiH more violuutly 
' 1 cooilnnalion takes jibce. No subslance existing nalurally in t!ie 
of a vapor or gas is produced by their combinntioii ; it b amply 

the intense heat, suddenly generated by bringiug Ihno twoKub- 

•Unres tocher, which suflicat lo prwlui-a a jtowerfully cxpkeivp 
remit, by insCantsnecnisly generating a i|ii)intity of vapor. And. 
lastly, if we take a miilun' of two ga.-e<, such as hydro^'ti and o^;r- 
gCDi'DT hydrogen and chlorine, and cooBno llicin iw we lia"' in tliis 
fiam veatul, we know tliat the mere momentary roiilai^t of awnu por- 
■4iM«ftlwjBijttun> with abody nind te « U^ ^MBvaU«a«,« ili^ 
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passage of an electric spark through it, or in the latter case the ran 
of the sun, produce instantaneous combination throagfaoot the whole 
volume of gas. A violent explosion takes place, and the vessel is 
shattered into innumerable minute fragments, in c(»iseqtieDce of the 
enormous fon'c suddenly exerted hy the intensely heated product of 
combination of the gases. 

These are one or two instances in which combinatioii produces 
explosion. We can produce a much greater variety of exunplcs in 
which explosion is the n^sult of the instantaneous or very rapid 
decomposition of a chemical compound. We are acauainted with sev* 
eral classes of com]x>unds remarkably unstable in tneir character,^ 
these are to be found particularly among the bodies which we tenn 
organic ; there are, however, a few inorganic compounds wluch are 
al»> remarkable for their instability ; such are the combinations of 
hydrogen and nitrogen with chlorine, bromine, and iodine. This, fir 
instance, is the iodide of nitrogen, which is formed whenever iodine 
and ammonia are brought together. If it is sufficiently dr\% a veiy 
[dight touch will cause the explosion. The combinations of'^mercary 
and of ffllver with carbon, nitrogen, and oxygen, which we know ai 
the fulminates, are remarkably explosive in their character. When 
these fulminates are perfectly dry, a \cry slight blow or a veiy small 
amount of friction is sufficient to bring a&mt their decompositioii. 
Thus, here is a small quantity of fulminate of mercury; you wil 
observe that a very slight application of heat to this is sufficient to 
cause it to undergo decomposition. It inflames with a dull sort of 
sound, which would, of course, be rendered more violent if the parti- 
cles were confined. Here is some fulminate of silver, which is much 
more explosive in its character. We will take a much smaller por- 
tion of this than of the other fulminate, and place it upon the cop- 
per, and submit it to the action of the heat. [This was done.] Yon 
see it explodes much more readily and violently, and we perforate 
the copper instantly; while in the case of the mercury compoimd 
the copper was hardly indented. As I have said, the explosivo chaiv 
acters are exhibited by various organic compounds — bodies not of 
natural occurrence, but produced from non-explosive oi^ganic sub- 
stances by the action of an acid remarkable for the amount of oxy- 
gen which it contains, and for the tendency which it has to impart 
that oxygen to other substances — nitric acid. This nitric anaa, as 
many of you know, may be made to produce changes in organic sab- 
stances, resulting in the oxidation of^ a proportion of hydrogen-atoois 
in the organic structure, and their removal in the form of water; a 
corresponding proportion of the partially de-oxidized acid (nitrons 
a.'id) passing into the space creatCKi by the abstraction of the hydro- 
gen from the group; and thus wo can produce, for example, fiom 
cotton, from cellulose, or lignino, highly explosive substances. 

There is also an explosive substance produced by a similar actioQ 
of nitric acid upon the sweet principle of manna, beetrroot, parsnips, 
or onions, known as manuite; it is nitromaunitc. Again, wo are 
enabled by the mere contact of nitric nvid, in its most concentrated 
form, at a low temperature, with glycerine, to produce a substance 
'^ a highly explosive character known as nitroglycerine or glofuAne^ 
9 only necessar)' to moisten a small portion of filterin(^papQr wUb 
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a liltle of ihja substance, and tben lo expo9e tliis to a, moderately 
vinlcnt blow, in order lo sbow its expiosive nature. 

Oue of tbl' most recently-diecoTered and puriouB of these explo- 
riw organie bodies ia the nitrate of diaioben/ol, obtained by the 
Ktion M nitrons acid at a low temperature upon aniline. Th» sub- 
stance esplodes at least as violently aa iodide of nitn^n and fulmi- 
Ule of alver, if e.'cposed to a heat approaching tliat of boiling 
rater; it in, however, for leas sensitive to Mction than thoBO two 
Indies. Similarly explosive substances have been quite recently 
ulitained by Dr. IIoHinann Irom derivatives of the interesting anil 
important ba^, rosauiline, the salla of which famish some of the 
mist beautiful of the tolors now obtJiinad from aniline. 

Eiplo)3onB are most n>adi!y produced by establishing chemical 
irLioD between certain tmbstauees greatly opposed to ea^ other in 
'■hoe properties, and brought ti^euicr in an intimate state of mix- 
tiirt. The substances applicable to the proiiuction of such mixtures 
are, on the one hand, bodies remarkable for their great affinity Ibr 
uj^en, and, on the other, cotnpouuds cont^ning that element in 
abundance, and partly or entirely in a loose state of combination. 
In the first class belong the elements carbon, sulphur, and phospbo- 
ros, and compounds of the last two with readily oxidiiablo metals. 
The second class includes a few of the higher tnetallic oxides, such 
M Ihe higher oxides of manganese and lead, and combinations of met- 
als with nioic, chloric, a:id perchloric acids. Mixtures produced 
with these two classes of bodies readily ignite, or aflbrd explosions, 
Kther upon the direct application of heat, or by subtoitting them to 
friction, percussion, or concussion ; and, in a few instances, by estab- 
liahbg chemical action in a small portion of tlio mixture, with the 
ttd QTsomc other compound. These explosive mixturea vary greatly 
in the ease with which chemical action is established in them, and in 
the ropit^ty and violence of their transformation; their properties 
m natur^y regulated by the chemical and physical characters of 
their constituents, and b^ the degree of intimacy of their mixture. 

The variation in their explosive properties, and the creaC extent 
to wluch the characters of any particular mixture may be modified, 
are very important elements in their application to practical pur- 
juses; while the comparatively instantaneous nature of the decomp«v 
-jttun of explosive compounds, and the facility with which it is 
lugbt about, present very great, and in many cases insuperable 



'l>-iacles to their employment as exploave ^enl& 

.\ very slight cxajnination into tho cffoeta of fulminate of meriuiy 
iiijtl of gunpowder, employed under the same circumstances, will 



illustrate tho Hitference in the effects produced by substances which 
explode with difierent rapidity. Let me firet compare the rate of com- 
bustion of those two substances. Here is a small tnun of fiilminate 
nf mercury, and hero is a similar train of gunpowder. You observe 
that the flamo travels much more rapidly aloug tho tr^ of Ailminata 
riian along the gunpowder. This difference will prepare you to 
U'liuve that tho ettact of the two when confined in vessels must be 
diff erent. Here arc the fragments produced by the exolosion, in. & 
^■Wl shell, of 100 grains of fulminate of mercury, a iwmWc (^»miK«Ai- 
^^bfooe-aerentb of the weight of tie ehelil) w«r6,\io'«w<a, eosoM^ 



i 
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that fhoy could not be reoovered after the ezplonon. Here arv 
the fragments of a shell of the same aze exploded by 765 gninf 
of gunpowder. The difference between the size and numbet 
of the fragments in the two instances is very stjiking. Jn the cue 
of the fulminate of merewy the cxplosiye effect is exerted afanoit 
instantaneou^y in all directions, and the shell is therefore ihattcred 
into a very lar^e number of fragments, the force of the exj^kMiOB 
being almost entirely spent on the bursting of the shell; while in the 
case of gunjwwdcr, the explosion being (»mparatively gradual in ill 
nature, the ibrce developed is only partly spent upon the fracture of 
tiie shell, and is still in course of development when this result is pnh 
duced ; htviec, not only arc the resulting iragments much fewer and 
lai^r, but a considerable projectile ibrce is exerted upon them after 
their production, and they are consequently scatterod to a modi 
greater distance than those produced by the employment of fulmi- 
nate of men^ury. 

When gunpowder is confined by means of a shot or shell in the 
barrel of a gun, the explosiou of the first particles has the effect 
of overcoming the inertia of the projectile, and the action proceed- 
ing gradually, as compared, for instance, to that of the fulminate of 
mercury, the shot is projected with comparatively small strain upon 
the ^n; but in employing the fulminate of mercury, in a corre»> 
ponding experiment, it would be found that the enormoos force, 
which reaches its maximum suddenly, would, almost simultaneooily 
with the fu*8t movement of the shell, also discover the weakest parti 
of the gun ; in all probability, therefore, the cannon would be bunt, 
while wo should not j)Tojcct our shot or shell *to any groat distance. 
In quarrj'ing, where it is desired to detach large masses of roc^ or 
stone, without producing any great destructive effect, we emplora 
very slow-buminc powder, the explosion of which exerts a force tike 
that obtained vrim a wedge ; if we were to employ fuhninate of mer- 
cury in this instance, the particles of roik in the immediate viciiiity 
of the charge would become shattered by the sudden and violent ex- 
plosion, and the desired result would not be produced. 

The action of gunpowder, gradual though it appears to bo when 
compared with the action of a fidminate, may, in particular condi- 
tions, and under certain circumstances, be much too rapid. Recent 
investigations of the effects of ^npowder have shown that the power 
we possess of modifying its action so as to render it more gradual ii 
exceedingly important. As an illustration of this, I may state that in 
long guns, and in cannon of lai^ calibre, the charge of Uie powder 
usc<3 for the projection of the shot has been clearly shown to be com- 
pletely ignited befbrc the projectile is moved to any'^great distance 
along the bore of the gun ; tiencc, we find that whenever explosions do 
occur in giin8, in I'onsequence, for instance, of inferior casting or metal, 
or an cxcestiivc charge of powder, the 4rai?turt> of the gun is almost al- 
ways confined to tho pai*t reaching from the trunnions to the breech. 
Tne Aniorican Dahlfrreii gun, of which this is a model, exhibits this 
great thicknciis at the brcci;h end; this form hsta been adopted to 
enable the weapon to rvsist the coniiiaratively enormous straiu exerted 
on that part by the heavy cliari|;cs employed. Where cast4ron can- 
BOD «re ifdU used, it will always uo espoda)i\y neiceiBiarf^ii "w^ 




• n|Mdlf -buminf! powder, 
ftom the brcccb lonards tl 



Q moke the ^un conqkaxstivelf vtrj ihirk 
trunmons ; auil Ibe prudurtion ol' strons 

s BlU.'udi-d witL very (^nstdcrable diflieill- 
timi but if wi? use a slower nowder, wc cau e-mplox a cannwi of 
Bnrc DDitbrm Uucknesit, aa tbe strain exerted iir the exploding 
powder is distributed mueb more uuilbmily tbrotij^baut the g;realer 
put, if not tbe wbol«, of tbe length of tbe guu. Again, in ridod 
nna, in whieb, in eoD^uence of the accural^ fit of ilia projectile, 
uw fivTtioii betwescu it und the boro of the gun ia very great, in 
■ome of nhk-b, also, as in Sir William Anu8trou<;'a gun, the projon- 
ttle baa lo bu expuniW by tbe exjilosou iuto tbi' grooves of the ran- 
BOn. a gradually (in^pwive atb on of the exiiloaion a obvioualy of 
\eiy gtvat ivapduatvv. In mortara and very SDort ^ns. on the ittker 
IwDd, where wc havo a very futiall space for the projet'lion of the 
riwU, it ia neecesary to emnlor a very rapidly-huruing powder. It 
has been eonstantly oliservni that, in &'ing mortars with the desi^np- 
ticn of powd«ir uwot for caunou, a portion of the charge has been 
thrown out unGXphxlcd. 

Tlie explosivu action of gunpowder may, however, be easily re^- 
latod iu a variety of ways. We may do no, for <.>;uunple, by allermg 
Ike MXDtMMtion of the powder. By uen>a«ng the proptHtion of the 
•hWMiw beyond that mditatcd by theory aa tho smallest qiunlity 
which will etnnbine with tbe whtuo of the oxygen iu the saltpetre, 
we (lecruasLi the rapidity of burning of the powder, aimjdy becaoae 
we give tbe saltpetre a brcer amount of carbon to oxidiae, which it 

a enei^ylieally ; thu oxidation will, therefore, take plaeo leas 

id lew heat will bo developed. Then, again, we eaii mod- 

of eombugtioD of tbe powder by altering the method of 
1, — that is, by rendering the mixture of ingrwlienta 
K perierL And, lastly, we may modify the action of pow- 
thu ia really the corrccl way of going to work — without 
at all with the proportions en iDgredienta as iudiealed by 

: with tliu inlimacy of mixture essential to iheir perluet 

dmply modifying the state of division of the malarial; 

My, by employing various sizea of grains of gunpowder, 

y submitting it to diA'erent dcgre«« o( compreitstoti. A 

n of the rale of buruine of two or three (hfferent samples of 

llieeame eompoaition, but var}-in<i[ in ntc of grain, will show 

lis modifiiiatiou in tbe rapidity of action of gunpowder may 

1 with very great ease anil nitety without intertering in 

ritb the ultimate amount of Ibree exerted by the powder. 

iua, or rather lum|i*, have been tried, and, by om|iloyiag 

;iously, it is liiund that they propd «hot (o on efjuul <li»- 

__i with even gruAtcr miitonnily. than ordinary eauuou 

By fuoibiaing iha application of uniform and aceuraloly 

wd prmauni with modiljiiatioiu in the eomptnition of gnn- 

r, and by conlining the maleiial wilhiu a [-asu or reeeptaele, to 

1 ignited, it caii only l>itm in one direetion, the vnhinbic 
aents known ai I'umi and limc-i'usi-s are obtuinr^l, by wliicli 

u sheila way be iKuited at any i)wiod, within eiT- 
1^ 'detennined upon previous!]' to the lotuliuj^ of V^m cmuvn^. 
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praved povder to be burnt before the flame reaches the chai]^ m 
a shell, the time of* exploson may be adjusted with great mcety, 
fabject. however, to «ii;;ht Tariations which depend, as Dr. FranUand 
has it;cently ?hown. upon fluctuations in the density of the atmos- 
phere. Tb*^ proJuLtion ot' rockets signals, and numerous pyrote ch n ic 
arranjzement:». is based upon the principles applied in these insesi 

Although the ^rradual action of gunpowder is, as we have seen, of 
the greatest importance in motft appucatioiis. there are certun in- 
stances in which more rapidly combustible substances, or nvire rap- 
idly explosive bodies, undoubtedly might be empk>}'ed with advanti^ 
This is particularly the case, Vor example, in mining operationii 
where it is mainly desired to produce great destructiTe effects by the 
explosion. This circumstance has tm[uentlv led to the trialt and 
e^'cn occasionally to the use. for a brief period, in actoal practice of 
bodies more readily and rapidly explosive than gunpowder. Only 
one exploitive compound, gun-cotton, has been put to the practical 
test, but triak have been made of a variety oi mixtores, in all of 
which chlorate of potash is employed instead of saltpetre, in adnux- 
ture with very oxidizable substances. The preparation of any of 
these substances upon a large scale has, however, alwajrs been aoooer 
or later attended by disastrous results, which in many mstances have 
not been simply due to carelessness. Examples of these mixtnres are 
Callow's mining powder, containing orpiment, or sulphide of ar> 
senic, mixed with chlorate of potash, and German or white gun- 
powder, which consists of prussiate of potash, chlorate of potash and 
sugar. 

We have some of these mixtures which arc so prone to change as 
to bo ignited instantaneously by contact with powerful chemical 
agents, such as acids, ibr example. Chlorate of potash is most readily 
acted upon by sulphuric acid, which not only decomooses the salt, 
but also transforms the chloric acid into very unstable componndSi 
and the heat resulting from the chemical changes thus established br 
the acid in a small portion of the mixture of chlorate of potash with 
an oxidizable body, such as sugar or sulphide of antimony, is suffi- 
cient to ignite it, and thus the whole is almost instantaneously exvjio- 
ded. Again, friction will ignite some of these mixtures very reaculy, 
as 1)y rubbing together in a mortar a few grains of chlorate of potasM 
and roll sulphur. Even in the manufacture and employment m oom- 
parativel^ so safe an agent as gunpowder, which may be subjected 
without Ignition to tolerably powerful friction or percussion, and to 
the (lircct application of any temperature below that which suffices to 
ipi'iiii 8ulT)hur (about 550° Fahr.), the neglect of strict ]irecantiaiis 
for cxclutfiiig the i)ossibility of a pailiclc of the powder being sub- 
jected to Kud<lcn and i^werful friction, may, and frequently does, 
Icail to accidental explosions. The occasional accidents in gunpow- 
der iiiai HI factories nrv generally envclo|KHl in mj*stery, in consequence 
of their fearfully <lestnictivc efTt^cts; in all cases, however, where it 
has been iM)t<sil)k; to tracro the cniuses of such explosions, they have 
bi»en llmiid in the wilful or accidental neglect of simple fn^eautioD- 
ary measures, iudis|K>nsablo to the ix>sitivo safety of the works and 
(^KTators. " 

2Iio wore highly oxplosivc mixtures, and wno!^ isw ^x.^^^^oKt ^ 




ponnds, tbon^ iiia[>[)lieftbla bi Riibelilutta for griDpon-der on afcoanC 
of tlieir preat seniiidTCDeiH lo tlie cIToi^ts of beat, hav?, in conse- 
qiwnrt' of this very (jualicy, received iroportant applications in numer- 
oiu ingenious contrivancea for eHin'tina the ignition of eunpowdcr. 
WvU-knowD itutUvDtcs of Bovh applications ore, the cmploynienC of 
fulminate of mereur/ in peivussioD capa ; of a mixture of chtorate 
at polnssa and sulpludc of antimonj' in arrangements tor firing can- 
DOD by porcuHion and by triction. and Grr exploding shells by per- 
ciuaion or conL-iuaion ; and of the same mixttire exploded at, will by 
betag brought into contact with a drop of strong sulphuric acid, 6)r 
lb« ijraition of Eubmarine nunes or of cignals. 

Oilier mixturea, combining a high degree of explosiveness with 
(Mwcr nf conllucting electricity, have been auccessfiilly applied 10 the 
aimultnneous ignition of numerous chains of punpowder by elcclri- 
rtly of high tendon; by means of one of them, rel'enlly discovOTed, 
nuuiy mines may be simultaneously discharged, even by the employ- 
ment of small magneto^lectric machines ; the necessity for the em- 
ployment of Toltuc arrangements in mlalng operations being thus 
Mitirely dinjensed with. 

One of the meet highly explostvo mixtures at present known, cwn- 
Mlin^ of chlorate of notaBsa and amorphous pliosphonis, has been 
moat ingeniously applied by Sir William Armstrong to the ignition of 
hi* time-fuses, and lo the production of coneuaion and pen'UMfoa 
fuses, remarkable for the ci^at ease with which thc^ are exploded. 
The above mixture may be ignited by the application of a ^ntle 
heat, or liy submisaon to moderate pr^suro : if it is made up Into a 
bard mass by mixture with a little shellac varnish, the fiicUon result- 
ing from the rapid insertion of a pin's point into the material suffices 
to ignite it, even when it is well covered with varnish. Thus, in 
Anu'Erong's time-fijse, which, whon fixed iu its place in the head of 
the shell, cannot, tike ordinary fuses employed in smooth-bore guns, 
bo ijgDited by the flame of the exploding charge of powder (as the 
sheir accurately fits the bore of the gun), the fuse compostioD is 
inflamed inmiedialely upon the firing of the gun, in the following 
manner : A small quantity of the phospltorus nuxtare is deposited at 
the bottom of a cylindrical cavity in the centre of the fiise, and 
over it is fixed a ttnall plus of metal, with a pin's point projecting 
from it> lower end. This plug is held in its place by a pin of toft 
iijfi.il, n!u( h, by reason of the via ineriim of the pine, is broken when 
til- '^iJTi [< fired, and the pin then instantly pierces the pellet of deto- 
ii.iiiriL- iiiixiure, which by its ignition seta into action the time-fuse. 
ilii- .Ifi.iiii'e between tJie pin's point and the phosphorus mixture, 
I 4iatoro ihi^ uxpIoNon, is only one-tenth of an inch. This arrangement 
^^^n*nq>Mt!B iu a striking mannor the dolit'tuy of action which may be 
^^^Bp^aad by a judicious combination of umple mechanical arronge- 
BiSMtta and highly explodvu materials. 

V Iba variety of work accomplished by the explosion of a charge of 
powder iu an Anuftrong gun loaded with a shell — no loss than five 
dbtlinct and important operations being thereby cflcctcd bnlbre ttw 
•b«ll lettTCs tho pin— afibrds a most interesting illustration of the 
Milk ia'lhc ^if^Mtionrf «Bmifl<it«a|iaMl<Cttft qgmBW«> 
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tiTely great control which maj be exercised oier Ae op g it k w cf 
ihoee destructiTe agents. 

BEPAIHING OF THE CHEAT EABTESN. 

In a voyage from Liverpool to New Tork, in October, 1861, Ae 
steamship Great Eastern struck upon a rock off the coast of Ln^ 
Island, damaging and crushing in the iron plates on the port side ftr 
a distance of some sixteen feet Owing to the huge dmieiisioDf of 
the vessel, and her inability to enter any exisdi^ dry-dock, the 
problem of repairing a damage of such an extent, situated miM 
twenty-five feet below the water-line, was one not only of great en- 

S'neering interest, but also one of great difficulty. Before detailinr 
e manner in which this was accomplished, it is desirable to recafl 
briefly the peculiarities of the vessel's construction. 

The hull is formed of two distinct vessels as it were, one iiuide cf 
the other. These skins are stayed to each other by a nmnber of 
webs or partitions, that divide the vessel transversely into Obax^jSnt 
spaces ; they run the whole length from stem to stem. The wefae ara 
further crossed at right andcs by thirteen separations which comli- 
tute a system of water^tignt cells, each of which is entirely iiid»* 
pendent of the other, access being had to each cell throiu;n man- 
noles, provided with plates, that open into them. It most M borne 
in mind also that there arc, inside of the ship proper, two nprigdbt 
iron bulkheads that divide the hull into three long rooms. Now uia 
man-hole plates previously mentioned communicate with each other 
from the upper series of celb in the ship's broadside down to the foot 
of the bulknead before mentioned. There thev stop. The arrange 
ment on the other side is of course similar. The inner room hat two 
man-hole plates on the inner skin, which allow access to the edlidar 
divisions situated beneath it These are connected throittdi one 
another by the same plan as the others. In brief, the Great Eailam 
is a ship built up of a series of rectangular pipes, independent of 
other, yet capable of being connected together. 

Let us now return to the subject of the disaster. The fr a ctur e 
entirely through the outer platin? of the ship, and ext^oded owr 
three of the longitudinal ceus. 'fo close up the skies by any other 
means than with new plates was simply impossible, and these had to 
be put on while the vessel was in the water at her anchorage. The 
stubborn broken plates with their ragged edges afforded not the 
slightest hint that could be seized upon to accomplish the work shoit 
of much time and labor. Preliminary consultations resulted in decid- 
ing the authorities to adopt the expedient of a dam which should 
inclose the point of rupture on all sides, and which, by meaoa of 
pumps, could be freed from water and rendered habitable while the 
operations were in progress. 

A coffer-dam was built of heavy oak timber, semi-circnlar in form, 
and planked outside four inches thick. It was ascertained that thirty^ 
two tons of iron would be rcc|iiircd to sink ibc scow, and it was ibi^ 
witli partially submenred, while two (rhutiis, hert^ailer mentioned, were 
aifixcii. Previously, bowevcr, two hoavv »]i:utw Imd Ikjcu attached to 
ciU'b side of it, in such a maimer l\\:;l iW o-oXnV ., ijk^AA^\v^^ <nl K^^^ v.bft 



and the wooden urib bo' 
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■ide of the Atun, -was carried under its bottom aad rcndurcd 
U|) on to tbc etsrboar'l side ol' the main dct-k, luid vice vena in re- 
■petrt lo the other cable. From Uie ends represfHtinB the bow and 
stern of the dam there aiaa ran lor^c bawst^ra which kept it from 
■drift in either of those directions. Power waa thm applied, 
ulilp's bottom. Around the 

firmly seeured in plai^. Thus f<u- matU'rs pmgresBcd favora- 
bly — the dam was in its place, but it was full of water. Two hne^ 
chutes, or funnels, which piereed the sub^aqueoiw box on one w(fc, 
t«o fbet from the ends, ran up a short distanco above the water-line, 
aad furui«be(l the means of reaching the fracture. The edges, or 
gunwale of the dam, mivt, as will be apparent, bu made walcr-dght, 
ebc the pum|nng might be continued indefinitolj without anjr result. 
Thia it waa propoecd to accompUsh by means of Komc elastje material ; 
bence India-rubber, flock mattress, or substances of a like nature, wore 
suggested for the puipcwe, but, not beiag avjulablc, a plan of the en- 
pneen, MesiRi. Renwiek Brothers of New York, was put in fori'C. 

It occurred to them that s water-hose would be just the thing. 
After the dut^Is of its construction — for which we have no raom — 
bad been worked up, it waa soon applied, and fulfilled all the expec- 
tations formed of it. No sooner was the means diwovered ft* oovi- 
stii^ one trouble, however, than another appeared. This latter vex- 
ation was caoscd by the difficulty of overconiiog the tendency which 
the hose hail to draw in under the compartment. In order to secore 
it, stripo of canvas were attached to one of two battens which armed 
tlic gunwale dam; these were curried under and ovi>r the boso at 
intervals in such a manner that Ibc latter lay in the bi^ht of the foi^ 
soeri tJie Hying end was then fixed to the batten again. Upon the 
owIaiilQ of the case, or dam, a lappet of Bnueels cjirpct was secured, 
which the water kept up against tbe Great Bastern's bottom, aiding 
nal«ria!ly in keeping the sea out ; weeds were also thrown into what- 
«TCir crevices mielit remain, and the projectura of tins ingenious metbod 
were rewanled tar all their lime and trouble by its complete success. 
To all the unequal surfaces the walcr-hose opposed its soft and elas- 
tic mr&cc, filling up cavities which could not bo effectually closed by 
Ml/ otbcr means. Tbe pumps were again tried, and tbe crib was 
jKunped dry. ^V'ben this consummalioa was attuned, workmen dtr- 
jHBaed the chute, and in a comparatively short time replaced the 
n a Mbstautial manner. 

BTKKSOTH OK STKAM II011.KB8. 

of tbe Manrhi-jtcr (Ciig.) ■' Association for the Pro- 
8t«un BoilcT l'ji).I.Mioiij "' iu a n-.eut report makes Iha 
narks on ilic lucllniil «r n^ocrtaiiiiug, from time lo time, 
ofbirilcrein »«■. Ili'vi)>: — 

no means ot' osciTtiiiuiiig ibii sufficiency of tho original 

of IV boiler, or ul' testing the wcnknvw pradii^'iul upon it 

I l«ar, — in aliorl, of tenting either oeiv or old lH»li.-rs, — 

' liydraulic [ 
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France, I believe, this plan is rendered compulsory by the gOfCfiH 
ment, and it would be well were it generally adopted in tlua oomitry 
voluntarily. Weak places in the plates may pass undetected, even 
on careful examination, while some parts may be ioacceflnble awl 
concealed from view ; but the hydrauhc test is sure to detect and ex* 
pose them all. 

" Mr. Muntz, a steam-user in Birmingham, states that he hai ftr 
years adopted, with advantairo, the plan of an annual hydraulic boUer 
test, and considers it a duty lie owe^ to his workmen in considetBtian 
of their safety. The application of the hydraulic test is so sim^ 
and the pump recjuired so small, that each steam-user could provido 
himself with one at a very little expense, or some parties might find 
it worth their wliile to take up the proWng of boilers by water pres- 
sure as an itinerant specialty ot engineering practice."* 

ADAMAS. 

This name is given in England to a preparation of the silicate of 
ma^esia, calcined, moulded, and baked to any required shape, and 
which for the last few years has been used as a substitute for metal in 
the manufacture of gas-burners. More riHrently, however, it has been 
applied with great success for macliine bearings, and for steam and 
water cocks. The London Artisan states that a steel spindle has 
been run in an adamas l)earing for one hundred entire da}'8 consecn- 
tively, at a speed of about fiiVcen hundred revolutions per minutei 
yet neither the spindle nor the bearing showed the slightest appeal^ 
ance of wear. It also states that at a large Ix)ndon foundnr adamM 
is used as a fan-bearing in place of a Babbitt's patent white metal 
bearing, brass having been previously proved to ha quite inapplica- 
ble, owini; to the great friction and resulting heat ; and, although tin 
shafl makes nearly one thousand revolutions per minute, it is' immd 
that the adamas bearing remains quite cool, requires oiling bat once 
a da]^, and shows no ai)preciable signs of wear. In the position in 
ouestion the life of a Babbitt's bearing is live weeks, and it is confi- 
aontly believed Uiat the adamas will last far more than as many 
months. 

HICA AND ITS USES. 

Hitherto the use of mica has been limited mainly to the coua tni e- 
tion of stove and furnace doors, lamp chimne}-s, lanterns, and a few 
other industrial applications. Recently, however, a new field has been 
in the process of opening up by the endeavor to apply mica, previ* 
ously colored or metallized, to the decoration of churches, rooms, shops, 
frames, and other ornamental and useful purposes. The mica, hook 
its unalterable nature, preser>'es the gilding, silverinc, or colorins 
from deterioration, and from its diaphaneity the articles so treafteS 
will preserve all their brilliancy. They are further preserved in a 
state of perfect cleanliness from the action of smoke, dost, or marks 
of insects, which may all be removed by washing. 

Mica is prepared by ^Ir. Murray, of Paris, for ornamental parposet 
as follows : — It is first, vut to the desired thickness, then coated ''^ 
l^yer of Greah isinglass diluted \n uttot^ weA^ ^Kii«t 
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■n'.we applied, after which it is allowed lo dry. The shtct of miea 
:i l>c Ciuily rendered adherent to akaoet any article by ghieing. 
i: Mmray then takes a pattern of copper, with a design cot out on 
.'till pla>-eB it on the reverse side or the mica, and with a tmall 
inuii rfiuovca any superfluous parts, the required desicn thus ro- 
lULuing au the purla wliich h^v(^ not been brushed. He then applies 
i-olors, iiithor one or more times, m fonsiden^d necessary, and sAer- 
■xrds coals the whole with a solution of liquid glue diluted in spirits 
"i viue, which is applied for tlie purpose of rendering the mica plia- 
When this is eficuted, the mica with the design upon it is ap- 
.'I'l in the liame of the other object and faslcned with glue- in 
make the junctions of several pieces of niica imperceptible, 
irst giues them together with Venetian glue, and then iipplics 



-. ^L first giues them together with Venetian glue, and then Hppli 

!iNt iron to the parts where "'"" — - - -- --- — ' '— — ■- - '' 

'ii will \te completely united- 



parts where the mica is joined together, whi:n the 
^Jetely united, 
value of mica depends upon the size o( the sheets and their 



Tiiiitparency, the clear ruby-tinged being the finest, and the cloudy 
pay the teMt valuable. The best mica in the English market is now 
imofled from Calcutta and Siberia, and is at present readily salable 
■ Bm GO cents to Sl.uO per pound. 

C HHO MO-TTPOG OATBY 
Allhon^h block books in colors are ns old an printing in China, pic- 
brid printing in oil-colora on the pUnen and cylinder press is a 
itillg of llie present day. Such, however, has been the rapid deTel- 
CfntDt of this art, that prints on which twelve colors are reqnired 
Bt now thrown olfwith the mpidi^ of newspapers on a steam-press. 
Tk) wcil-knowo colored prints which accompany the London 7Wus- 
fVed NtiM are specimens of this style of i^romo-typography ,' and 
K peat is their beauty and popularity that of some favorite issues 
tWD hundred and filVy Uiousand copies have been struck off 

ADHESIVE flTBENGTH OF CLOE, 
.\l the International Exhibition, ISS2, a manufacturer of glue 
"•ed a woodeji bar, having a sectional area of one square inch, 
<i across and united by ^uc. This joint resisted a tensile strain 
I [ive hundred and four pounda. 

INGEKlOCi PLAN OF COERESFOJ? DING IN CIPHER. 
The New York Evfmvg Paul states that the following mode of 
cciTMponding in cipher has lieon lievlscd arid used during the jirea- 
eal civil war: — Eoi'h correspondent is provided beforehand with a 
[iag« jirinicd from the same form, which mav bo any connected arti- 
de in a book or paper, or merely the several letten of the alphabet 
•mui);^! ill parallel linea with tne more common letters repeated a 
nrafiFr iiiiniber of timef. 'ITicn tin- TOmi!|x)iidcnt who wriiea to his 
nnul l)i}i iii.' sheet over a sheet of white pajH^r and pnni'lics out 
dio tctti-m to spell his wonli, driving the punch through the iheet 
■_i — Xlmwlata ibeetu then ibrwurJi^d U>tbcG( **"' "■*■** 



98 XSrsVAL OF scibktific disgotxbt. 

fonned hj the letters seen through the holes, and which of ccon 
correspond with those punched out of the other sheet. Should tb 
dispatch be found on its way, it is (^ course nothing more than i 
sheet of white paper punched with holes, oonveying no intelligeooi 
without the printed sheet 

NEW USES FOR FAPER, 

The village of Wallsend, England, is lighted with gas conTejec 
through pipes made of paper bituminizra. These pipes possei 
fi;reat strength, durability, and inoxidibility, with the advantage oi 
being about one-fiflh the weight of iron pipes, and about thirty-fin 
per cent cheaper. The process of the manufacture consists in cai» 
ins a roll of paper to pass through a reservoir of melted bitamen, 
oxter which it is tightly coiled round a mandril to any required thick* 
ness ; thus, when hardened, a tube ofperfect texture, great hardoesii 
and enormous strength, is formed. These pipes are uso to be used 
in laying about five miles of the gas pipes m Sunderland ; and then 
is e^ery probability that they will speedily come into general use. 

' At the International Exhibition, London, 1862, paper pipes made 
water-proof were exhibited, which were warranted to endure a pre» 
ure of one hundred and sixty pounds per square inch, and to be 
indestructible by ordinary influences, either under ground or in open 
air. The same exhibitor also showed paper boardb, prepiuied in the 
same way as the pipes above mentioned, which he stateu were mndi 
stronger and only half the price of oak. They could be made of 
any thickness or size, and were applicable for the constructioa of 
stables, outhouses, sheds, pontoons, gunboats, etc. Messrs. Ghreen It 
Co., of Cork, Ireland, exhibited brown paper prepared for roofingi 
rendered impenetrable to water by tar, of low cost, and warranted 
to wear for twenty years. 

COUPBESSED COAL. 

The question of the compression of coal has engaged the attentioi 
of mechanical and scientific men for many years, the great difficnltg 
having been to htin^ about the desired result without the admixtnn 
<^ extraneous cohesive matter. By the amalgamation of 
inventions, an English company — according to the London „ 
Journal — have at last reached the coveted goal, being able to 
press the finest coal into blocks which occupy two-thirds the spao 
of ordinary coal, taking but thirt}'-one culnc feet to the ton, wluAi 
raw coal averages from forty-four to forty-eight feet The procesi b] 
which these compressed blocks are obtained, says the Journal, is ines 
pensive, and without complication. In the first place, the pure cod 
dust, or slack, is conveyed through a washing machine, fiv the par 
pose of discronnecting it from any stony particles it may contain. I 
IS then subjected to a steady heat, until ltd bituminous parts are ren 
dered quite soft, afler which it is passed into a inouloing m^nliiiMi 
This comprises a rotary table containing the moulds, around wind 
are situated three presses — namely, the feeder, for fiUing the mnwh^ 
the main press, for condensing the block ; and Uie discharger, whtd 
pemorea the block out of the mouYd, wWii<CJ^ \\. ^^ Into « trsv^Ui^ 
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), nhicb carries ic avray. The presse^j act nmultaneouBlj, and 
heWeen eveiT atroke the table makes one-third at' a. revolution, by 
irtueh the cow is removed from one presa to the other. An appara- 
tn ie provided Cor extracting the gases from the eoal during pressure, 
iiwetiioasly opening out the air-passages at earh stroke, whidi would 
ot£erwi«e become eboked by the bitumen. In these prcaaea, necessa- 
nly of a very powerful description, breakages would be always occur- 
ling Irat for a provision which has been made, by the fukrum of tha 
ieven of the main press restinc on the ram of a hydraulic press, the 
Bafety-valve of which ia loaded only to the extent that the strength 
(il tlie machine will bear. Each ma<?hinc, which is inexpensive in 
' ODstruction, is capable, it is calculated, of making twenty-eight tons 
jxr (lay, at an estimated i^ost of two shillings per ton. From having, 
iluriag the process of washing, the stony parts removed, and from the 
:i;hter gases which produce smoke being tlriven olT dui-ing the man- 
I'lstture. it is said liiat steam vessels provided with those blocks of 
I Lijnpreased coal will carry fuel for steaming nearly double the num- 
t«r of days; and, moreover, that this fiiel is free from the danger of 



COHFEESSED BREAD. 

To replace the iadigejtibic bard biscuit useil in the French army 
and navy, o preparation of compressed bread has been i*ecently intro- 
duced. Small toaveij baked in tins are thoroughly dried and then 
pressed into cakes (four inches sijuare and three-quarters of an inch 
thick) by a machine invented and patented by M, Marinoni, o( Parii. 
He cakea recover their origiaa! dimensions when put into water- 

OBNAMENTAL BUKNT WOOD-WORK, 

The following mode of producing omamenta! wood-work by burn- 
ing is now praclisfvi in London. Designs in relief are engraved on 
the face of hollow iron cylinders ; and these, being heated by a gaa- 
pipo within, acted on by a second pipe conveying atmospheric air, 
arc made to transfer these designs to the planed board which is passed 
ia between them as they revolve. When the wood has gone through 
the charring operation, it is handed to a workman, who scrapes it 
down over uio sarlace so as to brinj; out the lights and produce the 
best clTects. This being accomplished, the face is varnished or pol- 
ished, and the result is an ornamental patif^l or moulding of consider- 
nliie beauty ((/" t!ie design be fjood), and of remarkable permanence. 
IVhite woods, as sycamore or lime, are empIojTid for the work. It is 
easy, also, by this process, to give to the less expensive varieties of 
wood the thamctcnstic of the more costly kinds. Rosewood and wal- 
nut arc vety well imitated, and upon these any pattern can be im- 
pressed. The cost of woods imitjited in this way is put at two-thirds 
thu coat of good hand "graining." 

IMFUOVED LOLT 
I Lawrence and Wliilc, of Meh'ose. li. X., ume Tfttawiij 
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with this advantajro over a rivet, that when required it may be mored 
from its place without any trouble. It is well adapted for the frame- 
work of locomotives and railway carriaj»es. The Iwlt passes through 
an iron frame, or tliroup;h wood-work, and Is secured 1)c1iind by a nuL 
But inasmuch as a nut is liable to be unturned in the extrcnuty of 
the thread of the screw-lwlt by vibration, and as many railwajr acci- 
dents have hapi)cncd from the fiurt of bolts havin^r parted for the 
want of their retaining nuts, in the present case the nut is kept in 
its place by having a spring inserted into it, which adapts itself to tha 
ratchet-work of a hollow washer. 

NEW SEA-ISLAND COTTON-GIN. 

The ginning of sea-island cotton has always been a difficult me- 
chanical achievement ; tin* ordinaiy cotton-gin of Whitney injuring 
the long and delicate fibres too gn\atly to admit of its use. A gin, 
known as Brown's Excelsior gin, invented in 1808, but recently intro- 
duced for use, seems to ovon-omc all the <liniculties heretofore expe- 
rienced by inventoi*s in this dcivirtment. It consists of a single roilerf 
a st^el breastplate, and a vibrating stripper, by which the seeds are 
thrown down uehind and thn)ugh a gratmg, while the cleaned cotton 
is delivered in front. To present some idea of its constniction end 
operation, we will state that it closely resembles a box about three 
feet in height, three fi*et in width, and the same in length. In front 
and on the top is a leathcr-covei'ed wooden roller, about five inches in 
diameter, and thirty-six inches in length. The leather with which it 
is covered is formed of strijis two inches in width, wrapped spirally 
around it, tacked down at the edges, and bevelled so as to lorm a 
spiral groove from end to end. Behind thus roller is a steel breast- 
plate, closely resembling a broad and long shaving-knife of exqmsite 
and peculiar tomper. The edge of this plate presses close agiunst the 
back of the roller, and above it, extx'ndmg acitiss, is a xibrating or 
strippinnr bar, which plays up and down like the crosshead of a saw- 
gate. Behind this is the feed-board, which has an iron grating ntiup 
ted close to the breastplate. The uncleaned cotton is placed on the 
fecd-boanl, and is pressexl ibrwartl in a stratum by the girl that attends 
the gin. The machine is driven by Ixand and pulley, the roller rotates 
downward towanl the steel bn»astplate, and draws the fibre of die 
cotton between the roller and the steel plate. There is not sufficient 
space for the seed to pass through between the wUer and the breasir 
plate scraper; thereibre th«' seed is lefl behind, and the vibratinc 
stiipper strikes down uj)on it, executing a serii^s of small blows which 
knocic off the seed, driving it through the grating, and into a recep- 
tacle below the feed-board. The uncleaned cotton goes into the gra 
behind, a mass of black and white knots; it comes out in front a 
beautiful, white, nilky-looking fibre. A (ronl is stn»tched in front from 
side to side across the roller, to prevent the cotton from l)cing canted 
around and clogging the gin. When a gin is first started, the ginned 
cotton drops from the roller freely, but after running for a short period 
the roller becomes so positively cliarged with electricity, that the cotr 
ton 13 attracted to it, and would be carried round and niimd but ftr 
the sU ippiDg-oord in front. One of iVskesK^ ^n& V"^ <dtta& ^rml ti^ 
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hundred to two hundred and fift^ poumjs of cotton per day, in a 
Buperior manDer, but il cou uIeo be ruu Co cle&n five buDdred poonds. 
— Scientific Ameriean. 

CORK-CUTTIKG UACUINE. 

A cork-cutting machine, rwontly inrentod by Mr. Conroy, of Bo»- 
IDD, Massachusetts, has the followiDg construction and mutbod (d* 
working. A suitable apparatuK first cuts thi> cork into parol telopipe- 
doDS, i^d then into wnaller fiffures of tha same kind, aceoriUng to the 
iungtb of buuB or cork roqmrcd. These suinller pieces are brousht 
in contact with a knife mounted on a circular horizontal disc. The 
di^ a put in motion by a lai^c wheel similar to a cutler's wheel, and 
a band running over a drum in immediate eonncL'tion with it ; or it 
nay be worked liy sleam-^wcr. This dine, by luems of xearing, 
(ravor^ea a platform from right to lel^, and eke versa, by wbicb ar- 
rangement a cork is no sooner cut on one udo than a cork is out OD 
the other. The square body to be ahapcd into a rounded one is 
placed in a groore ; the geanng seises it in the manner of a piece of 
wood ia a luming-latho, by its cxtrenuties, advances it to the edge of 
Iho circnlor knife, and in an instant the rough block of cork appears 
a thaped article wherewith to stop a beer barrel, a bottle of cham- 
iMtgne, or a medicine vial. The ease with which this machine does 
lis work is surprising. A clever cork-cutter, working by the hand, 
can turn out, on the average, eight gross of corks a day. Dy this 
machine can be made fourteen gross of cor4is per hour. In a day ot 
ten bourt, ibcrefore, two men can produce 30,160 corki or bungs, 
wlule two men by the band, in the course of the same time, can turn 
oat only 2,3W. Tbe corks can be cut in perfect cylinders, or bevelled 
to any angle required by slightly elevating the horizontal disc. The 
Biacliuicry is very simple, and ingenious through its umplicity. 
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i apparatus, capable of being made very useful as a sanitary 
lA well as for tbe diffusion of merely pleasant odors througn 

s. hospitaU, halls, theatres, etc., has been invented bv Mr. 
I^, Riiiimcl. nn English porfiuner- It consists of a vessel heateil bf a 
Eunall Unip below it, and intended for tbi! vaporisation of steam Utt- 
prfgnntcil with the odors of flowers, aromatic vinegar, or acids, chlo- 
rin>^, ammonia, clc. Somo perfumer act not merely as DuniMrants to 
luxury or pleasure, but as sanitary agents, by, it is believed, ozonis- 
ing Lne oxygen of the otmoajthere, and so converting it into true 
_■>«( .If and one essential oil, nomcly, oil of cloves, though heavy 
portiime, has a very singular inwer of destroying mostf 

faste or gum, and of kcepin<; it sweet and froth for 
an agency, ilillitscd by Itinimel's vaporizer, in cIoh 
niutj' apartments, coiitd not but sn-ectiin tbeni. The rbnco of 
— rt, however, is eiullfM, Dr. llasx;ill. who recommends ttu* 
a useful sanitary ajjcucy, sMtca that if even the delicate 
.„ of the violet or I'Ose be thrown into the vaporixer, their 
bo diffused throughout a room, nilhout lur; of iVoL W^A. 
empf'ivamittii! odor which is ao a^* \a vnxa "* 

as on the bunting of inectw: 
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FBESERYING TIMBER. 

f 

M. Lapparent, naval constrnctor in the French navy, in a recent 
essay on tne preservation of timber, advocates charring its surface as 
the most effectual way of securing it from rot for a long period. He 
says : — ** By charring timber the surface is subjected to a con^dera- 
blc heat, the primary- eficct of which is to exhaust the sap of the 
epidermis, and to dry up the fermenting principles; in the second 
place, below the outside layer, completely carbonized, a scorched sur- 
face is found, that is to say, partly distilled, and impregnated with the 
products of that distillation, — viz., creosote and empyrcumatic oils. — 
the antiseptic properties of which are well known. A bench, the legs 
of which had originally been charnnl to the depth of nineteen inches, 
after remaining in the ground eighteen years, near a pond, was dog 
up, and found to be in such good preservation that it was difficult to 
get the point of a knife into the extreme end of one of the less. On 
3ie other hand, vine props of oak, driven into the dir soil close by, 
were rotten in one year." M. Lapparent's method, which is now ap- 
plifkl in the French dock-yards, consists in subjecting the timber to a 
slight carbonization, by means of a jet of common coal-gas. Awoi4c- 
man, says M. Lapparent, can, in an average day's work of ten hours, 
carbonize a surface of four hundred and forty square teet. In ship- 
building, gas-charring should be applied to every surface likely to ba 
in contact with moist or stagnant air. In house-building, it should be 
applied to the beams and joists embedded in the walls or surrounded 
with plaster; to the joists of stables, cow-houses, and laundries, which 
arc affected by a warm, moist atmosphere ; and to the wainscottiitt 
of ground-floors. For railway-sleepers, charred timber, when ecrapedi 
can be painted any color. 
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THE NATURE OF FORCE. 

The following abstract of a lecture recently delivered before ih& 
fiojal Institution, London, by Professor Tyndall, presents most clearlj 
aone of the remarkable facts that have been recently developed 
xcspecting the nature and correlation of mechanical force and heat. 
A substance suspended at a height of sixteen feet above the earth's 
•orfacc, and allowed to fall, reaches the surface in one second of time, 
its Telocity, which has been regularly accelerated, being then at the 
nie of thirty-two feet per second. Suppose that, instead of being 
polled downward by gravity, the weight is cast upward in opposition 
lo the force of gravity, with what velocity must it start trom the 
earth's surface in order to reach a height of sixteen feet ? With a 
▼eloeity of thirty-two feet a second. This velocity imparted to the 
weight by the human arm, or by any other mechanical means, would 
euTj the weight up to the i)recise height from which it has fallen. 

Now, the lifting of the weight may be regarded as so much mechan- 
ical w<Mrk. 1 might place a ladder against the wall, and carry the 
weiffht up a height of sixteen feet ; or I might draw it up to this 
height by means of a string and pulley, or I might suddenly jerk it 
lip to a height of sixteen feet. The amount of work done in all 
taese cases, as far as the raising of the weight is concerned, would be 
abaolDtely the same. The absolute amount of work done depends 
■dely upon two things : first of all, on the nuantity of matter that is 
IHted; and, secondly, on the height to whicn it is lifted. If you call 
the quantity or mass oi' matter m, and the height through which it is 
lifted A, then the product of m into ^, or mA, expresses the amount of 
work done. 

Supposing, now, that instead of imparting a velocity of thirty-two 
feet a second to the wei«rht, we impart twice this speed, or sixtv-four 
feet a second ; to what hui^fht will the weight rise ? You might be 
disposed to answer, " To t^vioc the height ; " but this would bo <^uite 
incorrect. Both theory and expi^riment inform us that the weight 
wouklrisc to four times the hciirlit; instead of twice sixteen, or thirty- 
two feet, it would reach four times sixteen, or sixty-four feet. Slo, 
also, if wc treble the ^tnrtinJr velocity, the wei;;ht would reach nine 
tSmcs the height; if we quadruple th(> speed at starting, wo attain 
•ixtccn times the height. TIuh, with a vchK-ity of one hundred and 
twenty-eight feet a second nt starting, the wci^Yit wqv\Ol ^itiutlk^ v^ 
^wmtum of two hundred and fiily-six feet. Supi^m^^^ vai^aDfiSG^ 

\0a 
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the Telocity of starting seyen times, we should raise the w^;ht to 
forty-nine times the height, or to an elevation of seven hundred and 
ei^ty-four feet. 

jNTow, the work done, — or, as it is sometimes called, the mechanical 
effect, — as before explained, is proportional to the height, and as a 
double Telocity gives four times the height, a treble velodty nine 
times the height, and so on, it is perfectly pliun that the mechanical 
effect increases as the square of the velocity. If tl^ Qtaas of the 
body be represented by the letter m, and its velocity by tr, then the 
mechanical effect would be represented by m v*. In the case consid- 
ered, I have supposed the weight to be cast upward, being opposed in 
its upward fiiglit by the resistance of gra^-ity ; but the same holds 
true if I send the projectile into water, mud, earth, timber, or other 
resisting material. If, for example, j'ou double the velocitjr of a 
cannon Dall, you quadruple its mechamcal effect. Hence the impor* 
tance of aug^menting the velocity of a projectile. 

The measure then of mechanical effect is the maas of the body 
multiplied by the square of its velocity. 

Now, in minff a ball against a tar^t^ the projectile, after coUiaoDt 
is often found nissing hot. Mr. Fairbaim informs me that in the 
experiments at Shoebur^-ness it is a common thing to see a fiadi^ of 
lignt, even in broad day, when the ball strikes the tu^t And if I 
examine my lead weight after it has fallen from a heimt, I also find 
it heated. Now, here experiment and reasoning lead us to the 
remaikable law that the amount of heat generated, like the mechan- 
ical effect, is proportional to the product of the mass into the square 
of the velocity. Double your mass, other things being equal, and 
you double your amount of heat ; double your velocity, other thiogi 
remaining equal, and you quadruple your amount of heat. Here, 
then, we nave common mechanical motion destrojred and heat pit^ 
duced. I take this violin bow and draw it across this string. Xou 
hear the sound. That sound is due to motion imparted to the air, and 
to produce that motion a certain portion of the muscular force of mj 
ann must be expended. We may here correctly say that the m^ 
chanical force of my arm is converted into music. And in a sinuUr 
way we say that the impeded motion of our descending weight, or 
of the arrested cannon ball, is converted into heat. Tne mode of 
motion changes, but it still continues motion ; the motion of the maai 
is converted into a motion of the atoms of the mass, and these small 
motions communicated to the nerves produce the sensation which we 
call heat. We, moreover^ know the amount of heat which a gi f^o 
amount of mechanical force can develop. Thus, for example, che 
force of a leaden ball falling sixteen fiK^t is suificient, if suddenly 
arrested, to raise its temperature three-fiftlis of a degree Fahrenheit. 
Its velocity, when arrested, at the end of the sixteen feet, was at the 
rate of thirty-two feet a second ; but a rifle bullet has at least fortr 
times the velocity of a body fulling for one second ; hence, when sud- 
denly arrested, as by an iron tarjjet, the heat (renerated, provided it 
could be concentrated in the bullet, would raise its temperatnre to 
about nine hundred and sixty degrees, — sufficient to melt tho lead. 
In reality, however, the heat developed is divided between the lead 
"iJ the bcdy against which it strikes \ ive\cx\>\e\Q«&/\\.^«»^ ^ ^rarCh 
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! b> paf atientioQ to tLis poiut, and to asci^rtaiii whctlier rifle 
boUeU do Dot, under some t^uiii»lai)C(«, show sigiM of Aison. 

The convtmon of muscular force into heat \a strikiQf>l_v shown in 
the «)ii<-uss)an of flint and steel, as in the old itK^thod of obtaining a 
livht. EniTgclic chemical union a always attended with the evolu- 
tion of hcBt, which may be regarded as bang produced by the fidling 
(figcthcr nf alnms at a high volocitj. The heat so evolved can be 
madr lu i^jiroducu the enact amount of force that was arrested in its 
[iroduuliOQ. The burning of charcoal in oxygen is an old and fiuml- 
'I exmrimeDt; but it now hag a siguificauce beyond what it Ibi^ 
iiutIj had, inBBUuch as we may now regard the act of conibiiialitHl 
u ibc port of the Atoms of oxygeu and coal exactly as we regard the 
Ijihingr of a &lling weight against the earth. And the heat pro- 
'hii'i^ in both eascH ia rcterttble to a conunon cause. ThiB glowinK 
•iinniond, which buma in oxygen as a star of white light, glows and 
l>lim» in tonseouence of the falling of the alows of oxygen against 
it. And could we measure the velocity of the atoms when they 
I'hnh, and could we find their number and weight, multiplying the 
nuuB of i^och atom liy the sqiiHre of its velocity, and ailding all 
"' should get a Dumber representing the exact amount of 
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K a weivht by heat, and in this agent we pottscsa an eoor- 

of mechanical power. Thus, the union of a pound of 
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mvalent of the amount of heat lost. 

kcL that fbree may be converted into heat has given rise (o ft 
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J of meteoric bodies on to iU surface. Of the amount of 
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these bodies are too few in number is metbytbe fact, that at one 
observatory alone as many as 240,000 have been observed in nine 
hours. 

Meteoric bodies attracted by the sun would necessarilv move with 
a high and rapidly accelerating velocity, and it is calculatcfl that a 
body falling into the sun at a velocity of three hundred and ninety 
miles a second would attain a temperature nine thousand times that 
protluced by the combustion of coal. A bo<ly the size of the earth 
falling into the sun would supplv its heat for about one hundred years, 
but would make no appreciable increaso in its bulk ; and were the 
earth's motion suddenly arrested, the heat developed would raise the 
temperatiut? to such a degree that the elements would be disapated in 
vapor. Notwithstanding the dilficultics in the way of receiving this 
theory of Dr. Mayer's, it was reganlcd by Dr. Tvndall as that which 
offered the best explanation of the cause of solar heat 

PERMANKN'CK OF THE SOLAR SYSTEM. 

One of the most interesting questions which have arisen from the 
investijiations of modern science into the £:eneral laws of nature is that 
of the stability of our univei-se as at present (constituted. Is this sys- 
tem fitted to run on forever, in a<Tordancc witli its present laws, or 
will these laws, in the end, lead to its subversion ? The conclusion 
was reached by Laplace, and has been conlinncd by subsequent in- 
vestigatoi-s, that, so far as the ibi'co of jrravitation alone is concerned, 
the system is stable. Every change winch I lie attraction of one planet 
produces in the orbit of another will finally induce its own compensa- 
tion, and brinjr the svstt-m back to its ori^rinal slate. But the aiscov- 
eries of the j)i\»sent eenlury respecting the correlation of the dificrent 
forces of natun\ the conservation of force in general, the nature of 
the solar light and heat, and the motions of the comets, seem to indi- 
cato that gravitation is by no means the only force by which the 
motions of the heavenly bodies arc infliuaiced, and that causes which 
slowly but surely undermine the system are in operation : that the 
latter is not, therefore, a self-winding clock which may run forever, 
but that it must ultimately lose all motion, unless some power, capa^ 
ble of controlling the laws of material nature, shall interfere to pre- 
serve it. We shall give some examples of* thesi» destnictive forces. 

In the first place, the sun is radiating licit into space in quantities 
incomparably greater than it re:.'eivc?. If it wei-e not so, we should 
receive on the average as much lu-al ii-om ever)' other quarter of the 
heavens as from the sun, ami no vi«is.-itiide.-! of temj>erature could 
ever occur on earth. Fi-oin whit Me knon- of the nature of heat, 
it is impossible that the supply cf)ntained i:i the sun should be abso- 
lutely infinite. The sun inu-^t, therefore, as centuries advance, grow 
cooler and cooler, until its heat is en li rely lost. This will be followed 
by the cooling of the earth, and thus all life on our planet must cease 
or the conditions of its existence must be completely changed. It 
may be asked, Is it certain that the heat of the sun is not returned to 
it in some other form ? It is, of coui*sc, impossible to give any abso- 
lutt? and direct pi^oi-yf that the sun docs not receive heat, or its equiv- 
alent, from somo unknown source ; but it Lt certain that wo can trace 
the op-'ration of no natural law w\iic\i "woxM XeTi<\\&T^^?Qisn.>Miki\a 
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the san, and that tho existence of any such operation sooms improba- 
ble. It has been 8ug<vestiHl that the sun may be supplied wiLli fuel 
by comets or other bocbe^ fulling inlo it. 

Another element of destruction probably exists in the form of a 
Tcry rare resisting medium in space, ^rhose existence, however, has 
not yet been demonstrated with certainty. Yet there is evidence in iti 
CiTor. There is no reason a priori why we should suppose tho plan- 
etary spaces to be perfectly void; on the contrar}', the general analo- 
gnc9 of natarc would lead us to suppose that they .still contain some- 
tiung material Now, there are two classes of phenomena wliich 
point to tho existence of an ether, filliug all space, and possessins 
the property of inertia. These arc as follows : The phenomena of 
light and heat. These seem to be due to a vibrator}- or oscillatory 
motion among the molecules of an ethereal medium. By the heat- 
vibrations, force may be communicated ii'um one body to another, 
distant and having no matenal connection with it ; it is, therefore, 
concluded that ether b possessed of the property of inertia. In our 
Ignorance of the exact nature of its motion, and tlie amplitude of its 
▼ibrations or oscillations, we have not sufljcient data for determining 
the density of the hypothetical morlium. But this density, however 
small, must be appreciable, and therefore retard the motions of all 
bodies moving through it. 

The observations of Encke*s comet made during tho last thirty or 
fbrCy years show that its motion is continually undergoing accelera- 
tion^ fitHn some cause, and that, if this continues, it will in a few 
centuries fall into the sun. This lomet, being a small nebulous mass 
of excessive tenuity, is precisely the object which would bo most 
affected by a resisting medium, and Kncke attributes its acceleration 
to this cause. His view is controverted by other astronomers, some of 
whom attribute the anomalies of the comet to the repellant action of 
the sun in driving off the comet*s tail — a subject to which we shall 
nresentlv revert. In view of these controverted points, it will be 
nardlv fair to consider it certain that the motions oi the planets will 
ever be affected by the ether, especially as it is possible tnat, even if 
the ether exists, it may not affect iheir motions. 

Tet another cause, slowly producing an entire change in our earthi 
is found in tho mutual action of the moon and the tide-wave. As the 
latter elides over the oceans, and rushes into the luimerous indeutar 
tioDS en tho coast, the motions which it produces in the waters neces- 
■arily involve an expenditure of power, or vis viraj in overcoming the 
effects of friction. This vis vica thus expended must Ixi drawn iiom 
the set ofimachiner}' which produces tiie motions, thr.t is, from the 
nxition of rcvoluticm of the moon and the motiuu of rotation of tho 
earth. It cannot be returned to this ma(;hini.'n\ be('au>c all that is 
not ^x^nt in triturating the sand or other matori::! which forms the 
bed of the ocean is tuminl into heat, and radiated uif into .space. Its 
loss will manifest it^lf in exactly the same way in whiili a resisting 

I It nuj appear pandoxical that a rcKistin^^ nit'diuiii •should oituao the motion 
of a body moTjny throiij^h it to be nccelcratc*!!. Ir producrA tliU t-lToct indlroctlv. 
ir thm medinm retardi the body hv tho HiuulU'st Hiiiuuiit. the latter will (AV 
■Ughtly toward tho ecDtru of attractjon, and the IncrcA^o u( vc\ocV\i vKMR^\it 
this Ml wliimon tbrnn compynsate fur the roUirdation vrbicU pTod^Mol W 
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medium would take effect ; that i», tho motion of revolution of tho 
moon will be aceolcrat4?(l, and the rotation of the earth rcta.xled, till 
the day and lihc lunar month Iweomc ociual. 

The action of such a cause is traceable in the rotation of the moon 
on its axis. It is well known that our satellite has always, since the 
earliest records of its appearance, presented the same face to the 
earth. It is in the highest degree improbable that its rotarjr motkm 
was in the beginning exactly adjusted so as to produce this effect 
But if the moon wei*c li({uia, or covered by a liquid, the immense 
tides produced by the earth would in time produce the effect which 
we now see. The hyiwthesis that the Cf luauty in tho times of rev<>- 
lution and of rotation of the moon is to be attributcil to this cause, 
derives additional strength i'vom the fact that the satellites of Jupiter 
seem to follow the same law. This e<iuality, once established, wiU 
continue forever. In consequence of the acceleration of the moon's 
motion, and the consequent diminution of the lunar month, she inD, 
in a few thousiind years, Ix" half a month ahead of the place in which 
she would bi^ if her month were to remain constant, and will, there- 
fore, be on the opi)osite ^i<lc of the earth. If her time of rotatioQ 
remained cronstant during that {xrlod, the side which is now hidden 
would then lx» presented to wan I the earth, so tliat our posterity of 
two hundred centuries hence would have an opportunity of unveilins 
its mysteries. But analysis has answennl the question for them, ana 
demonstrated to us that the hemisphere of our satellite, which is now 
turned from the earth, will so remain, hidden from mortal eyes, to 
eternity. 

Viewing the system of the world, then, with the aid of all the li^ht 
that can Ik; thrown on it bv s<ience and by philosophy, selecting the 
most probable causes lor tIio:ic phenomena of nature which we can- 
not deduce from the known general laws of the universe, and tracing 
these and all known causes to their most remote and latent effects, — 
making at ever}- step all due allowance for our ignorance, and giving 
proper weight to every sound philosophical principle which bean on 
either side, — there seems to be a ileci<led pn»pon(lerance of evidence 
in iavor of the doctrine that this system is not entirely self-sustaining 
and self-compensating, but is 8ubje<'t to actions which must lead to its 
ultimate subversion. — Xorth Amcriciin Review, 

THE ELECiUlC LAMP IN LIGUTIIOU8ES. 

For the last five or six years the maritime world has been waiting 
with some anxiety for the termination of some experiments respect* 
Lag the emplo^Tiient of the elei'tric light as a beatM)n. Thc»o experi- 
ments arc well-nigh <'oncluded, and the question whether the oiu oil- 
lamp is to be superseded by the electric lamp will bo speedily deter- 
mined. 

Early in 1857, experiments were made on the subject by Fjno£ 
Faraday and l*rof. llolnies, and substHjuently tho latter was re- 
quested by the Trinity House to pn»pare a plan tor emplo}'ing the 
new light. This plan was submitted to Prot. Faradav, wno reported 
favorably upon it, and the result was that the Trinity Board eano 
tioncd the establishment of an electrical apparatus in the South For^ 
tatid Upper Lighthouic. lliis apparatus <wO\\su*.\id of an accumulatioo 
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c£ powerful magnets and iron cores with surrounding coils, accurately 
arranged, eo that when the assoi'iated cores were i-cvolving they sent 
all their currents into one common channel, from whence thev were 
conve^'ed to the lantern by conducting wires, and tliere nroduccd the 
electne light. There was no consumption of mat<»riai or energj*, 
other than that c£ the burning fuel rec^uircd at the isteam engines to 
produec motion. 

A trial of the light began in the lighthouse on the 8th of Decem- 
ber, 1858; but as the apparatus was impcH'ect in some points, and 
the results unsatisfactor}*, the lighting by the apparatus was suspended 
fiir a while, that the defects might Ik; remedied. The lighting v/as 
renewed in March, 1859, and during the following month it was <>nre- 
fully examined by Prof. Faraday. In his substfiuent rcjwrt to the 
TVinity Board, atler describing verj- fully the obstTvations he made 
at sea, and the various experiments by wliich he tested the jiower of 
the lijght, he states his opinion that Prof Holmes had practically 
established the fitness and sulKciencv of the ma«nieto-cleitri<' light ibr 
lighthouse purposes, so iar as its natun' and management are con- 
cerned; that the light produi-ed was i>owerful beyonil any other that 
he had seen so applied, that its regularity in the lantern was great, and 
its management eas}'. Ten months af\er he h<id thus expressed his 
amyroral of the experiment, he again visited th(; light, and found it 
of the same character as when \w had last seen it. It was generally 
Tety steady, but with slight interrujUions now an<l then from iron in 
the carbons. He found that it had a tendency to sudden and sfton- 
taneoos extinction, arising either fmni the breaking off of the end of 
the carbon, or from some disarrangement in tlur line mechanical work 
of the lamp. This happened three or four times (»very night ; and 
being once extin^iished the lamp did not n>light of itself. The 
■lightest touch of the keeper's hand, however, was enough to r<»store 
tlie light; but the liability to tcmix>rar)' extinction occasioned an 
anxious watchfulness on the part of the attendant, who w:is con- 
strained on this account to stay in the lantern continually. The 
light had never been stopped by any deficiency of action in the 
machine-room. 

The appointed time during which the magneto-electric light was to 
be placed under practic«il trial at the South Foreland having, 
early in 1860, come to an end, Prof. Faraday urged the Trinity 
House to authorize its application, citlicr tlien^ or somewhere else. 
Hot a further and a longer in'riixl. staling that it had proved to be 
practical and manageable, and had supplied the means ot putting into 
a lighthouse lantern, for six months or more, a source of diumination 
far surpassing in intensity ami effect any oi her ])rc>viously employed. 
Acting on this suggestion, the Triiiiry l>(j:iid establisheil an ele<'tric 
light at Dungeness. At this lighi house it is placed in an optie a[)pa- 
tatus constructiHl esptM-iallv lor it, whii-li i> only sixteiMi inches in 
height, and fourteen inches in external diameter. The ap])aratus (*on- 
nstjiof six lenticular zones and seven relhrting zones; of the latter 
three arc below and tour alM)ve. At the South Foreland there was 
ono electric lamp placed in the centiv of i\ Fresnel ontic api>ara(us. 
Here there are two of the new opti<r apparatus, placed one over the 
other in the ax'u of the iantern, and four e\v:Llfvc V,iD:k\\&\ tot «a»^^ 

10 
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apparatus two, only one lamp being used at a time. Mr. Holmfa in- 
cliiJcs in his plan the use of all these lamps and apparatus, because 
of l!ie facility of rapid change in the lamps and carbons, and they 
cause no alteration in the magneto-electric machines, wires, or en- 
gine?, which arc the same as were employed at the South Foreland. 

Bosidc the electric apparatus, the light from which passes through 
the upi>er panes of the lantern, the ori^nal reflectors and their lamps 
are n-tained in place, po that they can be at once substituted for the 
electric light if any accident or failure should occur to the latter, 
and also may be u^ed in ( onjunction wi!h the electric light in a com- 
paviscu of one with t!ie other. 

In one of his rept^rtiis on the. Dungeness light, written during the 
p l^^ vcar, Pn)l'. Far.-tday mentions an interesting experiment Ar- 
i-:nij,"»7ments were nn:le on slio:v (Mr. Ilohnes behig in charge of the 
l'.;;lit), by whi:'h ol;servatit)ns could bo taken at sea about five mikt 
oir, on the relative Hcht oi' the electiii' lamp and the metallic reflect- 
ors with their Ar^Miid oil Inrnj)?. At the given dir<tance the eye 
could not separate ihe tv.o lii;iits. but by the telescope they were dis- 
tinjguishable. T!ie coinhiiicd t'llei-t was a glorious liglit up to the five 
miles; then, if the ele tii,* li 'lit was extinguished, there was a great 
falling oil* in the eHect : tlioii'^h, after a f(fw moments* rest to the eye, 
it was seen that the (.il lamps and reflectors were in their proper 
6t:»,te. On the otlni- hi^nd, v.hen tlie electric light was restored, the 
illumination be."iino ;i;raiii niTilct, 

Then, whilst l.-olli uerc ui a'tlon, the reflectors were shaded, and 
the electric li^ht lell alone; but the naked eve could see no sensible 
diminution; nor when (lie redcitors were returned into effectual nw 
could it see any i^ensibh; addition to the whole linrht power, thoo^ 
the telescope showed that the alteration in the lantern had tau 
place at the right time. Siu'h was the power of the electric fighki 
that the addition or subtraction of the light of a fully effective set of 
reflectors, with their hmips, would not have been sensible to a mariner, 
however obscrv«int he might have been. 

Prof. Faraday enumerates some ])oints which are agidnst, and oth- 
ers in favor of, the light. In the flrst place, the simplicity of the 
{)resent system is very great, compared with that of the electric 
ight : only two keepei-s are required to a lighthouse ; they need pos- 
sess no special knowledge ; ordinary attention is all that is nccessaiy; 
and thus failures of the light are almost impossible. In the new sys- 
tem a sec*ond set of men will be ixxiuired to attend the engines, amd 
then.* must be among them one or more who understand the principle 
and construction of the lamp in the lantern, of the magneto-electric 
machines, the steam-engines and the condensers, and be able to make 
effectively the repairs necessaiy to the apparatus. In the next place, 
the expt»nsc of the new system nmst be large eompare<l with that of 
the prt»sent system. Other objections have been made, of which 
Prof. Faraday cannot see the force; namely, that the light is too 
bright, — that it gives a false impression of the distance of the light- 
house, — and that it blinds the {»yes of the mariners to the percep- 
tion of the lights on board vessels between it and them. These oo- 
jcctlonSf lie says, if they have any force, must be judged by marincit 
*Jicuiselves. 
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The points in favor of the magneto-electric light are strong and 
clear in relation to the increase of light. In cases where the light 
b from lamp flames fed by oil, no increase of light at or near the 
fiycua or foci of the apparatus is possible beyond a certain degree, be- 
cause of the size of the flames ; but in the electric lamp any amount 
of light may be accumulated at the focus and sent abroad, at of 
course an increased expense. In consequence of the evolution of 
the light in so limited a focal space, it may be directed seaward, di- 
verging either more or less, or m a vertical or horizontal direction, 
at pleasure, with the utmost facility. The enormous shadow under 
the light produced by the oil-flame burner, which absorbs and renders 
useless the descending rays to a very large extent, does not occur in 
the magneto-electric lamp ; all the light proceeding in that direction 
18 turned to account; and the optical part of the arrangement, 
whether dioptric or reflecting, might be very small in comparison 
with those in ordinary use. 

COLLIER AKD BAKER'S IMPROVEMENTS IN THE ELECTRIC LIGHT. 

At a recent meeting of the Franklin Institute, Mr. A. L. Fleury 
called attention to a magneto-electric machine invented by Messrs. 
Cc^er & Baker, of Binghampton, as being the best adapted for all 
purposes for which a large quantity of dynamic as well as static 
electricity is required, and as especi^Jly applicable for the production 
of the electric light. 

The invention consists, first, in certain means of controlling the 
positions of the electrodes, by which they are kept properly in con- 
tact with each other, as they wear away by the disengagement of the 
particles, without the difficulty experienced in keeping up a proper 
aegree of separation between them. To produce a light m this way 
has generally been supposed to be impracticable ; but the inventors, 
by long-continued experiment, have found that by employing an elec- 
tric current of very low intensity, but large quantity, they are ena- 
bled to use the points in contact. The difficulty of keeping the 
carbon electrodes pointed has resulted from particles of carbon being 
carried over by the current of electricity from the positive to the neg- 
ative pole of the electrodes. With a view to obviate this (viz., the 
depositing of particles from the positive on to the negative pole), the 
invention also consists, secondly, m frequently reversing the dire(?tion 
of the current. To obtain tms change of direction, the current of 
electricity evolved from a magneto-electric machine is used without 
the intervention of a frotteur or brake-plate, or else the current 
from a galvanic battery can be used — there being arranged in the 
circuit a brake-plate or pole-changer, which is rotated by clei'tricity, 
by clock-work, or by any suitable mechanical means to produce a 
finequent change in the direction of the current. This invention, dis- 
pensing with expensive machinery, is a valuable contribution to 
applied science, and will do much towards rendering this most bril- 
liant light available. 

In the production of electric light, preference has ^cnerollY ^^^'^ 
given by scientiBc men to the employment oi* carboii ^\eii\xcA<i^^ ^\i^ 
tbese nmtfy in the shape of pointed pencils, as ^vVu^ Oaft \as»\.\srit^ 
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liant and desirable light : but so much difficultr has been heretofore 
ox|iorioiired in soi-uring the pmnor relative positions of the pencils, 
and in keeping them ]x>inteu. that electricians have been forced to 
ver}' ingenious, but expensive and often complicated, mechanical 
appliances to obviate thi*se the only apjmrent objections to the use of 
the desinnl carbon eleL-tnxles. 

Anv one who has examined the complicated mechanism of former 
electric lamiis must lx> strui-k with the remarkable simplicity ami 
jx'rtei'tion of the a]i]>aratu5 originated and constructed by the Messrs. 
Collier & Baker, which secures most accurately the adjustment of th^ 
carbon ]K>ims. Dlsjx^nsing with all cearing, spring screws, electro- 
magnetic regulators, or other compUcatious, its simplicity is only 
cipiallcd by an ortlinar}- candlestick, and its appearance is about as 
unassuming. 

The main feature of this lamp is a hole in a metallic strap or 
bridge, which secures the jxisition of the points, and regulates the feed 
or sup]'»ly as fast as consumeil. Tlie carbon pencils bein^ in vertical 
]XK<itions. the upper one is fed down by gravity, and the lower one as 
a rtoat is fed up by its own buoyancy. The hole or orifice in the upper 
metallic strap or bridge is of a diameter a little less than the body of 
the pencil, so as to pi^rmit a ]X>rtion only of the point to pass through, 
and as fast as it is reduced in size by the oxidation and disengage- 
ment of particles during the process of combustion. The pencil is 
thus gradually and surely fed downwards, and the feed regulated and 
contn^Ued by its own coinbiistion. 

Using an electric current of lartjc volume and low intensity ^ as the 
Messrs. Collier & Baker much prefer, the electrodes may remain in 
contact : then the hole in the lower strap, being the same size as the 
Ixxly of the lower pencil, acts as a perfect guide to the pencil as it 
passes up through it, and the lower pencil, resting its point agsunst 
the ix>int of the upjH>r ]H^ni'il, is thereby controlled in its feed upwards. 
Using a current of hiijh intensity, it being desirable to separate the 
points and maintain that ilistance, the feed of the lower pencil is 
regulated and controlled by reducing the size of the hole in the strap 
to correspond with the upi>er one, and for the same purpose, using a 
current of electricity constant in one direction, there is a tendency to 
an accumulation of particles of carbon on the negative electrode, 
and a consequent blunting of that point. To avoid this, Messrs. C. 
& B. use a to-and-fro current In this invention, the extremes of 
simplicity and cheapness are combined, — the cost of the lamp b^ng 
but a few dollars. 

There can be little doubt, adds j\fr. Fleurj-, but that the applica- 
tion of magneto-electric machines for the production of light, and for 
all purposes where a large amount of electricity is required, will soon 
supersede the use of galvanic batteries. A few words relative to the 
importance of this machine for the ordinary telegraph may here noi 
be amiss : — 

The extent of telegraphs in the United States is increasing eyCTv 
day ; the capital involved is upw^ards of six millions of doUars, To 
work the telegraph lines, it takes annually 720 tons zinc, worth $60,- 
"yOO; moTQ than 1,000,000 pounds nitric acid, worth $120,000; and 
'^0,000 worth of mercury •, besides at coiiswkxaJtAtt ^moEvroX. ^t ^goSo^^ 
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ri< ai'irl, etc-; none of vhifh are u»ed bi/ the Tani/nelo-tleelrie mackmts 
,"f 'jetiertairin ettctriciJg (a luiiibnu and steady current being jwo- 
■iiLirtJ by Mr. BukiVs lost improved arrangement), thereby giving . 
'■■HI kimerut ndcaiilaget ocer the ijalvanic btilitrki both in economy 

INCeiUSKD KCPICACY OP LIGHTS rNli-CONDUCTOES. 

\I, PptTot has sulimiltpd to the Freni-'h Acadfmv of Sciences some 

.'ir..-ii"i> -ilisi-rvalions un tbc above ■iibjctt. Tbe metallii; roof of 

111- Baj-a, wliotlipr conunumcatiiig with the ligUtmng-con- 

< : . dues not preserve tho metallic plates belon it from the 

iiL. lice of tlio sEorm-cloud. Eol-Ii of these plates, if it be 

<>[i with ihc couductor which ruci'ives tbc ^hoek, eeada off 

rU t.i ibc Qcigliboring conducting bodies. If, then, wo wish to 

...lid accidents smijor to one which recently Impjiened to a military 

I jiboitw liimbh^d with seven conductare, it is indlspensablo that 

li i<»iiliii.-ior should be placed where it will be perfectly sheltered 

liririe shock, a position which M. I'crrot says that he has 

> I cry umpio arraugctueut exemplified in the fbUowing 

— At an explosive diilance from a dine reprcBenting a 

iji I'onnection with the electric-machine, he places a met&l- 

'>i^'> inecied with the earth, and reprctentjng the lightniug- 

'FiiiuL'iur til bo attacked. Parallel to this disc, and at a little di&- 

'iii'c Inm it, are disposed several metallic leaves or gratings, aepora- 

1 giivcral centimetres from each other. These, designed to represent 

' ~ '( and the metallic plates beneath it, may be connected with 

'"if or with the conductor. Now, when those leaves are insa- 

n the itmck conductor, the spark and the comtiuition felt by 

_1 touching tliese leaves arc not felt veiy sensbly ; but if ono 

» Inrce be put in connection with the conductor it will (to the 

~n of all the others) give rise to a powerful s]iark and cornnio- 

Tie same will occur with each leaf, and with the wliole, if 

._il with the conductor, each time that it is struck. M. Dmnaa, 

« present, said that HL Pejrot had put hia bond on a problem 

k very liighest importance, and would no doubt give a complete 

on of it, la the great satisfaction of philosophers, architects, aitd 

WELDING IRON IN VACUO. 



1 the following account of some experiments in which 1 

T took part. An iron wire wil» cut in two, and the ends 

. _.tocantiK-t without any muhauicdl preieflire: llu» done, by 

)fun clectHcfd current tho wirca were heated to a dark red 

iDd they were thus iniitantaneously welded li^ether. Ho 

_i U an angbof one hundr^id and My degrees ; and yet, 

I bcUnation, they supported a weight of upwaxUs of Ihroo 

~'-i before breaking at the point whei'e the welding hod 

' llie same experiment, uuwlu in the 4)pen air, by w» 

* ' ' " > no rwnilL Encouraged by this succe«, M. 

vyliuder u) MCM, — 'Au&Wovu 
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having iiiadvcriontly been made of bniss, they began to melt during 
the heating process ; but although but a very Email portioii of the 
metal had actually become fluid, it penetrated by capiliaiy attractaon, 
aided by the vacuum, into the smallest fissures, soldermg the two 
pieces with extraordinary nicety. 

gaIvanizing iron. 

It has been recently shown that the process of zincing iron, or, as 
it is generally called, "galvanizinjr," which has been the subject of 
more than one recent patetit, and, of course, of much litigation, was 

Sracdscd in France al)out the year 1 740 precisc'lv as it is done at thii 
ay; and a description of the pi-oi-ess was jriven I>y Bishop WatBonin 
his well-known and widely-cuvulated Chemical Essays^ pnbliahed 
towards the end of the last century. 

NEW CIlRONOGUAPn. 

M. Lissajous lias prescnUnl to the French Academy a plan of i 
new instrument for measuring small InkTvals of time, by which he 
proposes to estimate accurately the five-hundred-thousandth part of 
a second. The instrument is to Ihj composed of, first, a sihered 
drum about forty inches in circimiference, which is to be coated with 
lamp-black for the experiment ; it makes three turns per secoud. 
Second, a tuning-fork giving five hundred vibrations per second, 
with the electric apparatus lor ])reserviug its vibrations according to 
the plan of M. Lissajous ; a ])oint fixed upon this marks on the driiiB 
during the experiment. Thinl, an electrical apparatus to give % 
spark at the beginning cind end of each iihenom(*non. That which 
characterizes the new ai)paratus is tlio length of the line on the 
drum, which corresponds to the very short duration of the phenomft- 
non, and the facility of dividing it by the microscope. — Ki>smos. 

THE PRODUCTION OF SOUNDS AND VISIBLE VIBRATIONS BY VOL- 
TAIC CURUENTS. 

Mr. George Grore, the celebrated English physicist, has fhmished 
to the Royal Society the following particulars respecting the prodno- 
tion of vibrations and sounds by voltaic ele.-i ricity. He says: — 

If a large c^uantity of electricity is made to pass through a suitable 
good conducting electrolyse into a small surface of pure mercury, and 
especially if the mercurial suriace is in the fonii of a narrow strip 
about one-eighth of an inch wide, strong vibrations occur; and sym- 
metrical crispatioiis of siii'xular beauty, accompanied by definite 
sounds, are produced at the mutual suri'aces of the liquid metal aiid 
electrolyte. 

In my experiments the crispations and t^ounds were readily prch 
duced by taking a circular jkh)! of niCTv-nry li-oin one to threclnchee 
in diameter, Kirrounded by a ring of mercury about one-ei^th or 
one-sixteenth of an inch wide, both being contained in a circular 



sel of glass or gutta-])ercha. covering the lifjuid metal to a depth of 

about half an inch with a rather strong aqueous solution of cyanide of 

potassiuaij connecting the pool of m^^rcurv by a \)latinuni wire with 

the poBidve pole of a battery capa\Ae o£ &itcvii^ tk x^St^^xVo^ 
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»ly of electricity through the Kquid, and connecting the ring of mer- 
cnay with the negative platinum wire. The ring of mercury imme- 
^tely became covered with crispations or elevated sharp ridges, 
ftbout one-sixteenth of an incli asunder, all radiating towards the 
centre of the vessel, and a definite or musical sound was produced, 
capable of being heard, on some occasions, at a distance of about 
ibrty or fifty feet. The vibrations and sounds ceased after a short 
time, but were always reproduced by revci-sing the direction of the 
ejecliic current for a short time, and then restoring it to its original 
direction. The loudness of the sound depends greatly upon the power 
of the batteiy ; if the battery was too strong the sounds did not 
oocar. The inference drawn by Mr. Gore Irom these experiments is, 
thstTolta'c electricity, like heat and light, may be viewed as consist- 
ing of vi1.>ratipns, which are ordinarily inappreciable, but which, un- 
der certain conditions, such as these described, may be gradually in- 
creased so as to become visible. These results are evidently worthy 
of the most attentive examination ; their value as tending to eluci- 
date the nature of voltaic electricity can hardly be overrated, al- 
iboiigh it is evident that a sufficient number of iacts are not yet accu- 
mnlated to prove the inference that has been deduced. 

THE ELECTRIC ORGAN IN FISHES. 

The hypothesis propounded by Sir John Herschel, and eagerly 
adopted by many physiologists, that the brain is a voltaic battery of 
wldch the nerves are the conductors, was retained as a convenient 
mnile, after the identity of nerve force and electricity had been gen- 
erally discredited ; and the nerves were then spoken of as conductors 
of the force generated in the nerve-centres. Even as a simile, how- 
ever, this became inadmissible when it was proved that the nerves 
were in no sense conductors^ but possessed their own special force, — 
nenrility, — which could operate in complete independence of any 
centre, and which was to the nerves what contractility was to the 
moscles, and sensibility to nerve-centres. The hypothesis of the bat- 
tery, and the hypothesis of nerve-force being electricity, seemed con- 
finned by the electrical phenomena exhibited in certain fishes, which 
have justly excited considerable attention from men of science. The 
&ct that the electric organ is connected with the brain by an enor- 
mous mass of nerves, and the fact that the discharge is under the 
control of the animal's will, together with the fact that destruction 
of the brain on one side destroyed the electrical power on that side, 
—an effect also produced by merely dividing the nerves, so as to cut 
off the communication with the brain, — seemed to establish the 
hypotJiesis of the brain's being the central battery. 

This has now been thoroughly disproved. M. Charles Kobin long 
ago suggested that the electric organ, and not the brain, was the 
source of the electricity discharged. He declared that the tissue of 
this organ has the special proj)erty of producing electricity, just as 
the muscular tissue has the special property of contractility ; and the 
inflaenco of the nerve force is similar in botAi viase^, — c,^vi\Nixaw ^'^ 
aotiriiyr of the electric tissue as it excites the aetVvity c^ \)aa \Dl\5s.vi\^« 
^ — Against this it was maintjuncd that t\ie \>raixi ^iikec^X^ ^^Q» 
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electricity', which passed along the nerves to the electric organ, and 
was there condensed and held in reser^'e. In a memoir recently 
presented to the Academy of Si-icnces, M. Mureau brin^ forward 
tacts which conclusively settle this point. Having divided all the 
nerves which supplied the electric organ on one side of the fish, tbns 
entirely removing all communication between the brain and the oigan, 
ho excited the cut ends of these nerves, and produced electric dis- 
charges. This is precisely analogous to the experiment of prodncing 
contraction in a muscle removed i'rom all connection with the bruB 
(or indeed in an amputated limb), by exciting its nerve. If the 
experiment stopped there it would prove nothing. We might nj 
that the electric organ had a certain amount of electricity oondemed 
in it, and this was discharged when the nerves were imtated ; such 
has been the objection raised in the <*ase of the stimulated moicle. 
But in neither case does the expi*riment stoi) there. Electric fishes, h 
is notorious, exhaust their eh'ctric ])ower after a few shocks, and sons 
repose is necessarv' before their organ recovers its power. When* 
therefore, the discharges had ceased, M. ^Ion.>au returned his mutilated 
fish to the water ; allowed it a certain time for repose ; removed it 
from the water, and on again irritating the cut ends of the nerrci^ 
again produced powerful and reiterated discharges; and these dis- 
charges were not apprt»ciably less intense than those produced finom 
the uninjured side ! " The<e exi)eriments,** says the report of the com- 
mission, *^ conduct to the rigorous conclusion that the brain is onlf 
an exciter, a jwint where the nerves receive a stimulus. The electnc 
organ is related to tin* brain as the muscles are related to the brain.* 
Precisely analogous is the case with the muscle when separated from 
its ner\'e-centre ; rei)eated iiritations of the nf r\'e exhaust its nen- 
rility so that it will no longer cause the muscle to contract ; but after 
a period of rejjose, under j)roi)er conditions, the nerve will a^ain, on 
being stimulated, cause the muscle to contract. And that this is owing 
to the ner\e*8 having recovered its neurility, may be proved by thit: 
at a time when a stimulus applied to the fierve causes no contrao 
tion in the muscle, cei*tain stimuli applied directly to the muscle canse 
it to contract. Nay, more, at a time when a stimulus applied to a 

Soint of a nerve at the distance of one inch from the muscle pio- 
uces no contraction, this stimulus applied to a point at only hau an 
inch is followed by contraction. 

^I. Moreau*s observations are thus not only valuable as reigards the 
source of the electricity in fishes, and the part played by tne brain 
in the electrical ])henoniena, but also as confirming the existence of a 
spi'cial force (neurility) in the nerves themselves, a force developed 
out of the molecular changes of the nerve tissue, and not derived 
from the brain. I'he nerves are agi^nts, not passive conductOTk 
That nerves are not ^inlply conductors, but an^ endowed with a spe- 
cial force of their own, is strikingly seen in Pfliiger's empirical laW| 
which is thus slated : '* One and the snine initant which is applied 
8U<'cessively to two difleivnt |X)ints of a nerve does not irritate the 
muscle in the same degive, but the irritation which is applied at the 
gn^ater distance fhnn the muscle acts th(» mon^ jiowerfuDv." Pfliiger 
thinks that ^' the excitation increasi's in an avalanche-fike manner, 
anc/ this is the more consddcrablc \^e gc^^Xjcr \>ca ^ni^aa^ ^ 
over which it travels." 



PHYSIOLOGICAL PHENOMENA. 
Bt Lo'jU Lnca, a Parifiian scipntist, lately rencivfid a aclect circle 
of TJmtoi'a at Ilia houso, (o exiiihit ami cx])l.iin the principle of an ap- 
paratus of Ills uwn iuventio]], by wliith a pliyaiological iact of great 
importance is ri>i ids' rod appiircut. viz., tlia (lirect at-tiou of the livine 
frame on the magnetic netdlc. Tlie anparatias its«lf is of extraordi- 
nary simplicity. A angle element of fiunson's battery has its poles In 
communication with an electro-maa;netii; bcibhin, surmounted by a 
graduated dist!, bearing a magnetic needle which oscillates &eely 
; round its centre, as in the common compass. This part of the appa- 
ratus is protected by a glass shade ; the plate may be raised and 
lowered at pleasure by a wheel and rati. The conducting wires, af- 
ter communicating with the bobbin, branch out towanis the operator, 
and are connected together by a loose metal chain. The apparatus 
being in this rtatp, the nceille remains iicrfctlj qiiiest'enl, nntll the 

ralor takes hold of the chain cillui' with one. hand nr both, when 
needle at once bepos to move, dc::rriliiii<; area of from ten to 
' ninety degrees. No priiitiplo hithcrlo iidmilicd intcj physical science 
can account for this strange phenomenon, and wc are compelled to 
admit a phy^ological action capable of producing such motion. The 
experiment was Taried in many ways in our presence, and we were 
ourselves allowed to test our individual power on the needle. That the 
cause of the motion was of a physiological nature, was further proved 
l'>' the circumstance that the oscdlatJons of the needle varied in ioten- 
■ly according to the persons experimenting, and even according as the 
irae person might be differently affected either by tranquillity or a 
wiirm discussion, such efferent states naturally modifying the suscep- 
tibility of the nervous system. Stranger still, some persons present 
produced the oscillations by merely touching the chain with a glass 
rtd about two metres in length, glass being, as our readers know, a 
DtthConductor. Whatever explanation may hereafter be given of 
HI Luca's discovery, one fact seems even now indisputable, namely, 
tliat the human body may directly influence the needle ; what conse- 
quences may bo evolved therefrom, time alone c-an show. — Galignani, 

DE LA HIVE ON THE AUKOKA BOBEALIS. 

E. dQ la lUve conceives that two general (acts relating to the 
>» are established ; "1st, the cmncidenco between the appear- 
_^.._fl of the Boreal and the Austral auroras; 2d, that auroras are 
a6aospheric phenomena which take place within the limits of the at- 
moephere, but not beyond it." He seeks to show that the positive 
clectridty carried to hieh regions of the atmosphere by vapors from 
tropical seas, and which the trade-winds accumulate near the polar 
regions, acts by induction on the negative electricity with which the 
cart]i is charged. There results, he says, " a condensation of con- 
trary electricities in those portions of the earth and of the atmosphere 
which are nearest each other, and in consequence a neutralisation in 
the neighborhood of the poles, which takes place under the form of 
more or less t'refjacot diacuarjrea as soon as Uicir Veoaati \vaa tc«c\«& 
a £mit whieb cannot be uuuntoined. These diacWtgpa wi'^t W» uls.* 



118 AXXUAL OF S< II:ntii ir DTSCOVEnY. 

place simultaneously at l)oth polos, since, as the conducting^ power of 
the eartli is perfect, its electrical tenison ought to be BenBJbly the 
same, with some slight dilferenci^ arising solely fixym accidental Taria- 
tions in the stratum of air interposed Ix^tween the two eiectricttiea. 
There are thus upon the earth durintr the appearance of the aaroras 
two currents proceeding from the poles to the equator ; but if the dia- 
charge only takes place at one pole — the southern, for example^ 
there Ls no longer in the northern hemisphere a current directed fiom 
north to south, but a weaker current directed from south to north. 
This change gives an eastern declination to the compas»-nccdle in- 
stead of the western declination which occurs when the boreal di^ 
charge take^ place, and the current is directed from north to south. 

*' It is known that auroras are accompanied by more or less intenst 
currents in telegraphic wires. Mr. Avalker, in England, and Ifr. 
Loomis, of America, have made them the subjects of special stady^ 
and they have found that they varj- constantly not only in intensity, 
but likewise in direction, coming alternately irom north to south, and 
from south to north. If we ri>meniber that the currents propagated 
by telegraphic wires are derivative currents gathered by means of 
large metallic plates sunk in the moist soil, it will appear that these 
plates are not slow to polarize themselves under the chemical action 
of the current which they transmit, and that they ought to dctenmne 
in the wire which unites them an inverse current as soon as that whidi 
occasioned their polarization ceases or diminishes its force ; and all 
observers know that the auroras exhibit a \cry variable and peipe^ 
ually oscillating light. 

" Tlie change which occurs in one terrestrial current when ths 
discharge passes from one ix)le to another — f^jpm the north to the 
south, lor example — detennines also a change in the direction of the 
currents of the telegraphic wires, which in that case flow from sontk 
to north, instead of from north to south ; but the new current is mach 
weaker than the old one, except when it unites with the secondarj 
cunx'nts arising from the ])lates. 

*'Tlierc is, however, a great diflerence in the results obtained 
when, instead of observing the cuiTcnts collected by telegraphic 
wires, we stud^ the perturbations of the magnetic needle wnich 
accompany auroral manifestations, as in the latter case there are 
neither electrodes nor seirondaiy cum-nts, but only one direct actioii 
of the principal currc»nt. This current may varj* in intensity, but it 
must always operate in the same way (mcnir's(u,t)] while the mscham 
takes place at the same ])ole, Avhether it Iw strong or weak, and il 
will not change its character until the disi-harge nearly ceases at tlie 
nearest jwle, in order to operate almost exclusively" at the other; 
whilst by reason of the ellect of serondar}* polarities a change in 
intensity suHices to produce a change of diretaion in the cuirontaof 
telegraphic wires. This difference is strikingly shown by comparing 
the graphic representations of perturbations in the magnetic needle 
oK^erved by Mr. Stewart at Kew, dnrin;x tlie auroras of the 2d Sep- 
timber, 1859, with tlu; results of Mv. Walker's oliservationa of the 
(Mrrents exhibited by ti*legrnph wire.-* at tlie snnie time. I have sue- 
ceeded in expt*rimentally verilyln,:; li;e-i' ()l»-crv.\tiona by transmit- 
iwg tho duichargi} of a iluhnA;oiAV'^ vca\ v\vi<>\v^\vaxvi^vA «Lc^ placing 
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the circuit some water holding a lit.lle salt in solation, and iti 
"■■• iiuh two plat«a of metal werti imroeratd. As aooa as tlio principal 
*s-»irrent was weakuned or Etoppiid Iho luvorse cun'ent wna esLibited 
l»j the plates. 

"In order to reproiluce all tlie details of tlie natural phenomana, I 
^^-Biised an apparatus to be constructed composed of a sphere of wood 
-^Obont ten inebcs in diameter, which represented the earth, and ear- 
*^ed at each pole a bar of soft iron about two iaehes long and atuuti 
^^ne inch in diameter. Each bar rested on a vertical cylinder of soft 
i«-oo to which it was united, and thus the pphore was supported. So 
^■rranged. the sphere bad a horizontal axis tcitninating in two appen- 
^lages of Hofl iron which could be magnetized by bringing the two 
*2jlindeTa on which they rested in contact with the poles of an electro- 
■oagnet, or by surraunding the cylinders with coils of wire traversed 

11^ electric currents. Each of the iron bars was surrounded by & 
Waas cylinder (manchon} between five and six inches in diameter, and 
Wout eeven inches long, and in which it oi^cupied an axial position, 
projecting into the middle of the glass. The two vessels wore her- 
BiBtically sealed by two metallic ca|>a, mie of which was traversed by 
the iron bar, while the other carried a metal ring upon two arms, the 
GBDtre of the ring coinciding with the end of the iron bar, and hav- 
ing its plane perpendicular to the axis of one bar. The diameter of 
the ring is a little less than that of the glaM. Stopcocks were con- 
veniently placed to allow of a vacunm being formed in the glass vessels, 
aad any kind of gas introduced. 

•' To use this apparatu-f, the wooden ball is covered with two strong 
bands of bibubua paper, oue occupying its equator and the other 
crossing it from pole to pole, and making contact with the two bam 
of iron. On this last band, pieces of copper about one or two thirds 
of an inch square are fixed at equal intci'vals with copper tacks that 
penetrate the wood. All the copper squares arc an-anged in the 
same meridian. Between two of the squares a metallic communicar- 
tiou is established with the thread of a galvanometer placed abont 
twelve yards off, so that its needle shall not be directly influenced by 
the electro-magnet. Having thus arranged the apparatus, the paper 
bands are moistened with salt and water, and the equatorial band is 
connected with the ne"ative electrode of a Ruhmkortt's coil, which 
has its positive electrode brought into communication, by means r^ 
bifurcated wire, with the two metallic rings which are inside the 
tia, and in highly rarefied lur. The discharge is soon seen 
jet between ihe rings and the extremity of the iron 
in one veasci, sometimes in the other, but rarely in 
I, altliough both are placed under apparently the same 
irenmstanccs. 

" As soon as the soft iron is magnetized, the jet spreads and forms 
.tn arc round the centrnl wire, animattd by a rotary movement, the 
direction of which depends on the character of tho magnetiaatlon. 
It is evident that it depends also on the direction of the discharge, 
but we have supposed ihia dii-eciioii constant, and resembling that of 
nature, tliat Is to any, directed fi-om the circumference towards the 
oeolr^'- It is important to notice that if the air laii w( " 
kpbierred in wiiich, when the iraa Vtsn j 
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the rotation begins, and the jet not only expands into an arc, bat 
darts brilliant rays that remain quite distinct from each other, and 
tnm round with greater or less velority like the spokes of a wheel 
In this we see an exact representation of what oreurs in the aimn 
liorealis, when the luminous arcs, being all impressed with a more- 
mcnt of rotation from west to east, dart luminous jets in the higher 
regions of the atmosphen*. These jets do not occur unless the iron if 
magnetized, and they may be stopped if the air is highly rarefied, bjr 
introducing a vaporizable liquid, such as a drop of water. It is jm- 
possible to produce them if the discharge, instead of being directed, 
as in nature, from the circumference to tlie centre, passes in an oppo- 
site direction." 

M. do la Rive adds, that on examining the galvanometer with 
which the two wires previously mentioned are in communication, i 
secondary current will be indicated, its character and direction being 
determined by whether the discharge takes place at one poi<^orthe 
other ; and he states that he can imitate the disturbances which dw 
magnetic needle experiences when the auroras occur. — Camptm 
Rendus. 

SECCni ON MAGNETIC AND ATMOSPHERIC rERTUBBATIONB. 

In a recent letter to the French Academy, the distinguished Bo* 
man astronomer gives a summary of the conclusions he has arnTsA 
at respecting the connection between magnetic pcrturbadons aid 
atmospheric movements). This he considers established, first, by die 
great variations of magnetic elements, and especially in the inteoaiiy 
of the horizontal force, on the occurrence of storms ; secondly, by ttt 
irrcgidarities which accompany periods of squalls ; thirdly, by thB 
variations in delicate magnetic instruments which immediately pre- 
cede or follow great changes in the weather ; fourthly, by variatioiisflf 
intensity corresponding with variations of the winds ; iifthly, by the 
aurora borealis, which, considered as a signal of variation in wind 
and weather, belongs to the class of phenomena under discossioD. 

The immediate cause of the connection thus traced M. Secchi ai- 
cribes to atmospheric electricity, which, when discharged from the air 
to the earth, must generate strong currents by which the needle ii 
affected. Such currents, he observes, exist not onlv durinff anronl 
manifestations, but also during storms, and are exhibited dy eadi 
instrument according to its nature, the galvanometer showing chanjRS 
in tension, and the compass-needle making known alterations in the 
total force of the current which passes beneath it. With reference 
to the questions of whence comes the electricity circulating in the 
soil, and what is its immediate vehicle, he replies by pointing to the 
precipitations from the atmosphere. The rain especially, ne eaysi 
discharges an immense quantity of electricity into the earth, and, 19 
general, it may be said that strong actions upon the instruments only 
otHuir af^er a rainfall has taken place at some point more or lea 
remote, even bevond the limits of the visible horizon. This cirram* 
stance may, perhaps, ex])lain the fact that magnetic pertuibatioiie 
indicate approaching snuall^. Uain usually produces negative elec- 
trwity over a consideraW exl^^nt oV aUnoK^Vsit^^^xnixtU \tmS£ gen- 



KATrnAL PHILOSOPHY. 121 



f Mgstive, -which accounts for the notable diminution of hori- 
t.<l intpiutty whicli precedes N]adU. The precipitation of Tapor 
'.'lilt rain, wtufb often bappeii» between eig:ht and oine on clear 
111, an'l which is accompanied by very strong electricity, may 
,.., fi,,, ritn^'nelic perturlutlions ■whith occur at that time, and the 
' i ' |>eriod which corresponda with the movemenle of the 
' <Ue ma; belong tn the B.'uno class of meteorological facts. 
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^ iindty on these occa^ons may, perhaps, be exalted by accessory 
; I'lj, eui'h as the cbango which takes place when vapor passes to 

' rUtv of ice, or by tho friction of wind arrainet the little icicles in 
Iry and tltj insulating atmosphere, and aim by the ioduclivc 

iiiin of supiTior regions on the falling and floating particles of ice. 

!:' V various subjects, M. Seccbl (ella ns, an; itluHlratcd in his ih- 
■ ■■■"St but he does not pretend that magnetic disturbances have no 

' ' r causes than Iha&e indicated in the preceding remarks. 

O MAGNETIC PEKTtlE- 

^1 Lamont, director of the Astronomical Observatory at Munich, 
:< 1 that on the momiag of December 2G, ISGl, while rectifying 
)>Kitlon of his magnetic apparatus, he remarked In all the instfu- 
^' Liir au unusual perturbation. Their position changed rapidly and 
-;>:gular)y, — somclimes one way, sometimes another; and at tho 
HiDc time there occurred a vertical vibration in the needles. A few 
dty* after he learnt that at the ver^ time he was making these obser- 
ntiuna an earthquake, which occasioned much damage, took place in 
Cnec«. This, he sayii, proves once more, not only that the convul- 
HOD* produced by earthouakes are perceived at a great distance, but 
aln that the forces which produce tnern modify terrestrial magnetism 
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} COLD ROLLED IROS. 



JVlf. Airy, in a communication to the Boyal Society on the above 
mUoet, states, Brst, that he had been dedrous of examining whether 
diHKDces in the degree of change of aubpermanent magnetism, such 
la «ra exhibited by different iron ships, might not depend on the 
teup'.-mtiin' at which the iron is rolled in the last process of its maii- 
nbctiirc i am! for the nurpose of experimentitig, be hacl received 
ftvDi the Dudley Iron \Vorks twenty-four plates of iron, each sixteen 
tnchr* loni;. four incbfra broad, and one-fourth inch thick i twelve of 
wbtch, al\i'r having been manufactured with the others in the anial 
way, had b<<en pasw^l through rollers when (iuIIg cold. Earh sot of 
twf-l*" wn« diviHM into parcels of six each, one parcel being cat 
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transverse to the direction of dip at Greenwich, or on a plane indnd- 
in<T the direction of dip. In some experiments, these planes were 
covered with Hag stones, and the bars wei-e laid upon the iQag stones ; 
in others, the bars were laid immediately upon the wood. While 
there lying, they were struck with iron or wooden hammers of difier- 
ent sizes. The bars of the different classes were systematically inter- 
mingled, in such a way that no tendency of the arms to give blows 
of a dllFcrcnt ibrcc or kind in special parts of the series could pro- 
duce a class error in the I'esult. For examination of the amount of 
polar magnetism in each bar, it was placed at a definite distance (five 
inches) below a prismatic compass, which was used to observe the 
apparent azimuth of a fixed mark ; the bar was then reversed in 
lenprth, and the observation was repeated in that state. 

The number of experiments was twenty-one. They were varied 
by difference in the succession of positions of the bars, difference of 
time allowed lor rest, difference in the violence of the blows, etc 
The principal results appear to be the following : — 

1. The greatest amount of magnetism which a bar can receive 
appears to be such as will produce (on the average of bars) a com- 

Eass deviation of about eleven degrees, the bar oeing five inches 
elow the compass. It was indifferent whether the bars rested on 
the stone or on wood, or whether they were struck with iron or with 
wood, the bars lying on the dip plane while struck. 

2. When the bars, thus charged, lay on the plane transverse to the 
dip, they lost about one-fiilh of their magnetism in one or two days, 
and lost very little afterwards. 

8. When the charge of magnetism is smaller than the mATiwrnmy 
the diminution in a day or two is nearly in the same proportion as fixr 
the maximum. 

4. The effect of violence on the bars, when lying on the plane 
transverse to the dip, is not in all cases to destroy the magnetism 
completely ; sometimes it increases the magnetism. 

6. The cold-rolled iron receives (under similar \'iolence) or parts 
with (under similar violence) a greater amount of magnetism than 
the hot-rolled iron, in the proportion of six to five. 

6. There is some reason to think that the hot-rolled iron has a 
^ater tendency to retain its primitive magnetism than the cold-rolled 
iron has. 

7. There is some reason to think that, when lying tranquil, the hcA* 
rolled iron loses a larger proportion of its magnetism than the oold- 
rolled iron loses in the same time. 

DEVIATION OF TH£ COMTASS AND THE MAGNETISM OF IBON SHIFg. 

At the meeting of the British Association, 1862, Mr. F. J. Evans, 
on behalf of himself and others, read a report " On the Three Re- 
ports of the Liverpool Compass Committee, and other recent Publi- 
cations on the same subject," — undertaken at the request of the 
British Association. The papers included were, severally, by the 
Astronomer Royal, the late Dr. Scoresby, and Capt. Johnson, K. N^ 
on the deviation of the compass and the magnetism of iron ships ; as 
aZai) ( mtributious in the same &eld oV m\\\xVrj Vi^ U\^ T<i.i^artera. AAuc 
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general review of the formula! employed and recommended, the 
port rtates that the first and mo!«t imi)ortant general result which 
tbri%'ed from all the observations reiordi'd in thi>se works, and fi-om 
ny more which have not been published, is, that tlui observed devi- 
nu of the compass are represented by the ioiinula; derived from 
iaon'a theory with a corrcurtnes;!! which is within the limits of error 
observation. It was also statcMl that Uie following conclu&bns 
^t be accepted as established : — 

L. That the magnetism of iron ships is distributed according to 
seise and well-determined laws. 2. That a definite magnetic c*har- 
)Bt\a impressed on every irnn ship while in the biiildiDg slip, which 
never aiterwards entirely lost. 3. Tliat a consitk* ruble reduction 
cei place in the mngnclKsm of an iron ship on first changing her 
■tion after launching, but atlerwards (hat any pciinanent change 
iti direction or amount is a slow anrl gradual pi-n/es^s. 4. That the 
ginal magnetism of an iron ship is constantly subjeirt to small flue- 
itions, from ihangi.^ of {iosition, arising from new magnetic indue- 
M. 5. That the compass en-ors occasioned by the moro ])ermanent 
It of a ship's magnetism may bo suctre.ssfully coniiK'usated ; and 
It this compensation eipializes the directive ])Owcr of the compass- 
sdle on the several courses on which a ship may l;e placed. On 
) effect of het»ling, a considerable Ixxly of evidence is colletrted; 
I most important practical result, as to the amount of the heeling 
or, ifl the great amount to which it reaches in certain shii>s and in 
tain positions in the ship, several examples of even two degrees 
change for one degree of lu^el being itjconled. The Kei)ort ))oint8 
certmn desiderata: — 1. That in the construction of iron vessels 
;ard should be had to the providing a ])roi>cr place for the compass, 
t present difliculty being to reconcile this witli the re([uirements of 
itruetion and of working the vessel. 2. That lor throwing light 
the |xnnts which are still obscure, the comi)lcti* magnetic history 
xxne iron vessels in various latitudes should l)e known : this might 
aceomplished by observations of durations, and horizontal and 
tical force, made at various iixed positions, in some new iron ves- 
in an extended voyage in both hemispheres, and in which the 
pietioal observations would be made an object of importance. 
n a lecture on the above subject by Mr. J. T. Towson, Secretary 
he Liveqxml Marine Boanl, Mr. T. stated that in treating of the de- 
don of the com|)ass in an iron ship, they must consider that it was 
Kted by magrnetism jK>rmanent or sub-permanent and inductive : 
one was a magnet in all positions ; the other was a maL|rnet only 
BD in a certain ])osition with regard to another magnet. The per^ 
nent was the iwt:*i considerable of the disturbing Ibn'cs, and it was 
extraonlinarv fart that a great deal of the disturbing force de- 
eded on the diriM tlon in which the head of the ship was placed at 
time of her buihling. The steamer (intit UntatH had l)een knocked 
at in Dundnim liav for a whole winter; she had been in both 
lisplieres; she had been n'paired in a dock with her head in a 
trar^' dinM-tion to that In which it was at the time of her building; 
. it was easv to ascertain nxi exaniinatidu wliich way her head 
ited at the time she was being built. This was an instance of a 
lal retaimng hvr ma^uer/djij, uotwithstauding t\iQ cauaAa ^ \Ail 
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mentioned likely to cLanprc or dirtnrb it. . AMien the beac. of an in. q 
ve-sscl was at right an^rles with the s!ip on which she wa:» built, then 
the eompasses would be affe'-led by tne pt^rmanent matnietism ; when 
her head was tunn*d toward hci* building i<lip at an anjrie of 45°, then 
her companies were atlt'-'tcd by the iiuhutive nKignt'tism. A vessel 
in heeling ovor port, or .starlwanl wouM W. most likely aflerrted when 
standing north and ^oullr? and a snip ])r() 'eoding from one hemisphere 
to the other would be mo-st aflected wlien standing east and west. 
Tlio lecturc-r then entered into a series of elalx>rate illustrations, 
showing the cahulations whii h shouM Ik- mado in dealing with a 
subject which Wtis surround(rrl by so mu:h diiii ulty. Thiu* far their 
investigations had but showcil tlieui liow littlr n^liance could be placed 
on the compass at all. It ivcjuircd ronstaiit watvhiiig, and they miglii 
alwavs suspect that it was allected by the iiijfgnetism of the iron of 
which the vessel w.ns construvtod. One i-esidt ot* the introduction of 
iron in shipbuilding operations nuist be the eni]>lo>inent of mastam* 
and mates of su^K'nor education. 

BOXELLrS EI.ECTlilC lELE(iR.\rH. 

For many vears the attention of t«legi-aphists and the hopes of the 

Sublic have Wen directed to the ]x>ssil)ility of automatically pepit>- 
ucing an onginal dispat.<'h ; but dilHeuIties, apparently int^uperableiy 
have militated a":ainst all realizations of the pnyect. The electric 
telegraph, recently devised by Signor l^onelli, the inventor of the 
electric loom (see Annual of Scif^nfijic Discover if, 18G1, p. 113), iS| 
however, an immense stiide towanls the attainment of this end, even 
if it be not perfection it<?(»lf. We will endeavor to describe the toih- 
ciple of the new system, as exhibited in the Great IntematKHial 
Exhibition of 18C2. 

I^t the ix'ader sup|K>se himsi»lf tf> l)c the oixMMtor; before him he 
will find an oak table, six or seven feet in length, seventeen to eigh- 
teen inches wide; along the centn* of tliis table runs a miniature nul' 
way, terminated at either end by a sj)ring Iwifler, and spanned mid- . 
way bjr a kind of bridge six inches in height and two and a lialf or 
three mches wide. Ujwn this railway is pbiciHl a spcH-ies of wagon, 
one yard long and five in<hes wide, thnn^ and a luilf in height^ ron- 
ning upon four brass wheels; on the surfaf-e of this wagon are two 
long rectilinear oj>enings — the one occupying the nppi»r half and 
destined to carrv the message which is to be sent, the other oceupf- 
ing the lower haff, and intended for the niessjige which may be to fie 
received; u])on the bridge* are two small metal combs, each contain* 
ing a numl>er of insuhited teeth, answering in number tix, and «"0n- 
nected with, the insulated condu -toi-s ol' which the line is formed. 
Tlie combs ditfer from one anotlier; the o!u' whieli is to dispatch the 
message, Ix'ing fi>rmed of «o many teeth having a rertain freeilom of 
action, is on the side of the bridge farthest from the opi^rator; the 
other, or writing comb, is l(>nned of a similar numlHT of tc-eth fixed 
1 block of ivory, and forms a ijerfeet line, which rests with a slight 
regidar pressures ti-ansversely on the pai>er, and oi*<*apic8 the 
er ])ortion of the said bridge. We will sup])Ose that the taliloi 
been tested, and that a nmnWr qi( \xi^:as^^«;o^ Ua^vc been wnt Ibr 
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disj^atcli ; these messages are distributed to a given number of com- 
positors, who set them up in ordinary type with great rapidity ; the 
first that is finished is handed to the operator, whose wagon has al- 
ready been pushed to the upper end of the raiJ and is held there by 
a ample catch ; he places this dispatch in the opening destined for it, 
and in the second opening he places a plate of metal upon which have 
been laid four, five, or six strips of paper prepared with a solution of 
nitrate of manganese ; this done, he turns a small handle, and watches 
if the operator at the other end has done his work ; the wagon is at 
once freed from the catch, and is set in motion by a simple weight, 
the pace being regulated by a fan ; the type of which we have spoken 
18 thug brought under the action of the dispatching comb, and runs 
lightly under its teeth from end to end; one-half of the journey 
bSng made, the writing comb comes in contact with the prepared 
paper. If the operator at the other end has had a message to send, 
It will have been printed in clear, legible characters, of a deep brown 
color, answering, with unerring fidelity, to the forms over which 
the corresponding type comb has passed, while the operator (the 
reader) learns that his message has as surely been received ; the mes- 
age is stripped ofi", the wagon remounted, the type-box changed, 
m the process of transmission and reception repeated. All this, 
wluch takes so long to describe, is so rapidly accomplished that from 
fowr hundred and fifty to five hundred messages may he dispatched per 
iwir, the passage of the wagon occupying ten to twelve seconds j dur- 
ing which time a message has been sent and received at each end of 
the line. It will be seen at once that it is morally impossible that 
toy demand should arise that would over-tax the transmitting powers 
of this system, the whole question resolving itself into rapidity of sup- 
fly. Now, ordinary compositors can set up a message of thirty words 
m one and a half minutes ; this period is, of course, divisible by the 
number of compositors, ten giving ten messages each minute and a 
half, twenty givmg twenty messages, and so on. By this happy ap- 
plication of electric science to the typographic art, it is believed that 
the price of dispatches will be reduced to a minimum, and the rapid- 
it)r c3r distribution vastly increased, while the chaiiccs of mistake are 
almost annihilated, being reduced to the possibility of typographic 
error, in the first and only process in which error appeal's to be possi- 
ble. It is scarcely needful to say that the dispatch received is actually 
sent out ; as the wagon descends it is stripped from the plate, passed 
fir a few seconds under a stream of water, blotted off, dried by hot 
rollers, and put into the envelope, wliich is by this time ready to 
receive it. 

When it is remembered that no existing system is capable of dis- 
patching with a pair of machines more than an average of twenty- 
five messages per hour, and that these are transmitted and received 
in conventional signs, it will be evident that a great step has been 
taken, and the public cannot but be interested m what promises to 
produce so great a revolution in the seionce of telegraphy. 

It is clear that the application of this system to autographic tele- 
graphy is a simple (question of time. What seven, or ev^Jit^ ox olviN^jxiL 
wires pasang hy the agency of 'combs over the suT^acvi o^ Vj"^^ ^^^ 
sccoaplhb, a greater number passino^ over maiiuscTV^X. iia.TL co^^i^ 

11* 
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perform ; the same mcssa<^c being of course written cither on metallie 
paper with an insulating ink, or vice versa ; indeed it would be difficult 
to assign the limits of its application. Tiie fact that the principle 
upon which the 8v:stom is based lias l>ocn tried upon a line exceeding 
three hundred miles, renders its practicability lor lon^ distances no 
longer doubtful ; and a line between Liverpool and Manchester, 
£na;land, is, in fact, now constructing for public service. 

CasellCs Copying Telegraph. — The peculiarity of this telemph 
consists in a jK'ndulum suspended to an endless screw ; a smalTsteel 
hand being attached to its lower end, at right angles with it. Be- 
neath it, parallel to it, and at right angles with the steel hand, b 
placed a metal plate, upon which the dispatch to be transmitted is 
written in ordinary ink. At the ix)int of destination is a similar pen- 
dulum, suspended in the same way, and with a similar little steel hand 
attached in like manner to its lower end. Under this second pendu- 
lum, parallel to it, and at right anf^Ios with its little hand, is placed 
a sheet of prepared paper, upon which the transmitted dispatch is to 
be received. When the telegraph is put into oiK'ration, the two pendu- 
lums vibrate simultaneously backwards and forwards across the sur- 
face of their respective sheets, descending a hair's breadth lower at 
each vibration. Whenever, in its passage to and fro across the sur- 
face of the metal plate, the steel liaud of the first pendulum oomei 
into contact with the ink (which is a non-conductor), the electric cur- 
rent is transmitted to the second pendulum, and produces, through 
the steel attached to this second ])endulum, a chemical action, which 
causes a stain upon the pn>pared paper in contact with it at each 
point of its surface touched by this second hand during the transnus- 
sion of the electric current. The ibnn of the letters, or other iinei, 
traced in ink uix)n the surface of the metal j>late at one end of the 
line, is thus reproduced, in successive rows or minute, dot-like stuns, 
superposed one upon the other so closely as to show like a single 
stroke (unless examined with a microscope) upon the sheet of iiaper 

. at the other end of the line. This mode of electric telegraphing nai 
been already attempted in England and France ; but the dispatches 
receivcnl were always so much blurred as to be scarcely legible, and 
the invention was, therefore, practically worthless. Professor CaseOi 
has succeeded in causing an instantineous suspension of the transmis- 
sion of the electric current whenever the first {Xindulum is i)as8ing 
over those fMrtions of the metal j)late whicrh are free from ink; so 
that the chemical action of the si^cond hand, in its oscillations across 
the surface of the paper, takes place only at those points which are 
touched by it during the moments when the ck';-tric current is being 
transmitted. The blackened [K)ints of the sheet of i>ap?r conse- 
quently correspond exactly to the ]»oints of the metal plate that arc 
covered by the ink ; and thus i)rcsc'nt a i'.ic-siniile of the writing. |X)r- 
trait, plan, nattern, etc., of tlu* original dispaU-li, which, by this mo*t 
admirable uovelopiiicnt of the elect .'o-tclegrapliic art, is repraluced 
with periect clearness and exact fitlelity ui)on the paper at the 
further end of the telegraphic line. The cost of estabiishin:^ sm.ii a 
telegraph is, at present, rather greater than lor the Morse and other 

telcgrapha in ordinary use *, but iVie m3ie\nii\^T^'<i v;^l<(i)TL ^x&k!^ «ilabUahed« 
is easily mrnt^&L 
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THE ATLANTIC TELEGKAPH. 
Two Rcbemes are now befari> tbe public for rcriring this important 
mterpriM?: : the one Jbr a continuous cable from ItpIhikI to Nrwlbund- 
land, the other for a liue in faur sections, the points of intcrm'tsaioD 
being tho Faroe Islunds, Iceland, Gruenland, and Labrador. The pro- 
motun of each of these unlerpriitet appear roust tonfident, not only of 
thi> pvrii^t fea^trililT of thuir own plan, but also of Che oxialencc of »ttal 
defects in that whiefa 'a propounded by tbeir rivals. On behalf of the 
■pctjooal undertaking, for example, it is urged tkat the difficult}' of 
KoHting through lon^ circuiu, owing to the retWing influence at 
JDductivu electricity-, mcreaaes in about the square of the length of 
thi^ tine when long insulated wires arc laid down either in the earth 
L<r under water. If this were absolutely true the delay arising from 
'I adin^ uff and re-tranimilting messages at lour stations would still 
iiiu to be weighed acainst that spiioging from the canse as- 
^•iiet). But it appears by no means certain that the theory thns 
i'l c>.v\}y laid down is to be unhesitatingly arctpted as the embodiment 
J an unvoning law. The most competent electricians aver, that tim 
■p>?f»lion of the law referred to is susceptible of considerable modifi- 
jtloa IrDm surrounding circumstances. It has been lound, that 
Mhei^as the induction increases only as tlie circwnfereace of ihe eop- 
|>er wire, its conducting power increases as the Kquaro of its diameter; 
and hence it is inferred that if a wire of considerable size be coated 
with insulating material lo sneh a thickness as shall give the same in- 
dneiion as to a smuUcr wire, an enormous augmentation of speed will 
be nttaincd. Tating these conelu^ans as a basis of calculation, it a 
vstimattij chat sach a cable as that which is now being manubctured 
to connect Ireland with Newfoundhmd, eonlaining 510 pounds of cop- 
per and 5.^0 pounds of gntta-percba to the mile, wilt transmit from 
eight U> twelve words per minute. If this be so, such rapidity is as 
grrat as we can reasonably hope to attain. 

On the other hand, it is alleged that if two lines of the same 
dfaliMuioiis and cost as regards copper and inaulalioD were laid, — 
OOP liir AOO miles and the other lor 1,500, — the farmer could be 
woricol through tor messages at nearly nine times the speed of the 
latter. Atcotding to this theory, the set-tiuiiol cable lo Labrador, by 
way of Iceland and Greenland, would transmit lOS words per minute; 
but this ia obviously incredible, ^nce it is known that the Lugliah land 
lin«9 are «'likun worked at a higher RK>ed than 22 words per minute. 

Thi-n- jire soatu arguntunts urged with regaid to the rival liuea 
□pun wbii'li every one giftMl with common sense is compcteut to form 
* Jud*.'iiii'i>(. Every one can understand tliat on the Labrador liue 
grvai .iildi[ii>nal expense niust be entailed by the neceaiity of kecjung 
at r-orh iiiU'nncdiate station n staff of clerks to read off the menutgea 
and retrjiisniil theui along the next section. It needs no profound 
■rieaiillc truininu to cotupi-clii'nd (hat the inaccessibility of the eoasta 
■ ■ tjUKi Broenland, save during six weeks of the j-car. luitrt 

^.dJIBcultic* in the wny uf impairing lomu portions of the 
fAoM chance lo get out of working order. 

I -—J cf worldly cxpericnco mA gi»p»\A^^ *?"P"*^ 

to naiixo the diffieolly ot VccYvt\¥."^"> ^**'|1 
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condition a land line of one hondred and fifty miles in length aciui 
Iceland, and the peril surrounding that portion of the cable which 
passes over stormy Labrador. On these points we can judge for our- 
selves, without seeking the assistance of scientific men. But then, on 
the other hand, these drawbacks would lose much of their importance 
if it proved to be really true that the line from Ireland to Newfound- 
land would labor under radical electrical disadvantages fixxn which 
its rival would be free. This is the point upon which we desiro relia- 
ble information before we can decide whicn of the two schemes is 
most worthy of public patronage, and we can obtain it only from a 
competent scientific commission of inquiry. As the case at present 
stands, the preponderance of reliable testimony appears to be deci- 
dedly against tne theory' that for the transmission of messages the 
Labrador lino would possess greater rapidity or certainty than its less 
expensive and less complicated competitor. — London Star. 

Capt. Haskin, R. N., who has recentiv been en^iged in examining 
the Atlantic off the west of Ireland, on behalf the xransatlanttc Tele- 
graph Company, has recently made a report, from which we derive 
uio following : — "I think there can be no reasonable doubt now but 
that the descent irom the Irish bank to the bed of the ocean b all 
that we can desire for the safe laying of the cable. So far firom its 
being a precipice, a locomotive might run up some of the inclines, and 
many^ turnpike roa Is have steeper ascents. The face of this slope— 
and, indeed, the bed of the ocean evcr}'where when below the depth 
of five hundred or six hundred fathoms — is covered with the soft, 
clayey substance called by seamen ' ouzc.' Tlie deposit, in the opin- 
ion of Prof. King and other naturalists, is going on so copiously and 
unceasingly, that a cable once laid would, in the course of a few 
years, be ^ covered up,' and so forever sealed against the action of aU 
eztemal agencies." 

NEW PHENOMENA OF CRYSTALLIZATION. 

Some remarkable phenomena of crystallization have been noticed 
by Mr. Petschler in tne preparation of glass plates with luchromate 
of potash and gelatine, ibr ])liotographic purposes. The striking pe- 
culiarity is, that the inorganic salt in contact with the organic matter 
produces vegetable Ibniis; specimens on ^lass plates representing 
mosses, ferns, and alga; in beautiful ramifications, which vary in many 
ways, dependent upon the strength of the solution, temperature, state 
of the atmosphere, and other causes. The plates were prepared in 
different ways. Some were first coated with collodion, on the surface 
of which a hot mixtures of gelatine and bichromate of potash was 
poured, and then allowed to cool and dr}^- s()ontaneouslv. In a few 
hours the crystals be^an to ibrm and ramify themselves over the 
plate. The gelatine mixture was composed of three parts of gelatine 
and water, twenty grains to the ounce, to one part of a saturated solu- 
tion of bichromate of ixitas^h. Several other plates were prepared in 
which the order of application of the ingredients was varied, or some 
of them omitted, all of whitrh gave l»eautiful, tree-like cr^'staUine 
/arms. The great variety and beauty of \\\\ia(b \^^<i!X»XksQ& i!^>sait bis 
ikica to bo appreciated, as they can "wilk Oafl^^:>3XVY \»t«^t««»l\a^\s^ 
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drawings. Mr. FetM*hlcr holicvcd that no chomicnl combination takes 
|^*c l>L*twei*n the Ktit and the* gi'lulinc, hut that tho. lattiT acts sini- 
ply as a modlum. The gelatine, when firm, retains a certain (luantitv 
€1 water; but when the moisture is driven oil' bv heat, the erystalJi- 
aation is su^m^nded. There is gi*eat similarity in apiK.'arance, and 
tlicre i?, possinly, some eonneetion in cause between these arborescent 
crystallizations and the ramified ibnn in which tlie sahs of some 
metals arc found naturally in agate, slate, and even trai>-rock, where 
the oxide of manganese is fre(|uently found to have as>umed similar 
fismis. Mr. Mosley lias suggcstefl that the arlM)res<'ent a))]x^arances 
might, perha|iSf arise fi-om the density of the solution, from tlu* re- 
flistanco of the gelatine to allow of crystallization in the usual rhombic 
Ibnii, and possiblv to the subtle electrical or galvanic action supi>osed 
to be Gxeitod during crystallization. He lub< statetl that some years 
ago he obtaimKl from a solution of bit-hromate of ])otash tree-like 
fams with spreading branches and pendent rhonilN)ids, which, under 
the pdariscope, apiR'anHl like a tree with gems of rich colors for 
fiulL 

CITRIOUS EFFECTS OF VIS INEKTlJi:. 

M. Tardirot states that if a perfectly smooth and polished plate of 
^bsB, ivor}', or metal, is eausetl to rotate with great veIo<rity in n hori- 
nntal plane, it does not communicate its own motion to a highly- 
finished ball which may be placed uix)u it. 

ENLONGATED PROJECTILES FOR RIFLED FIRE-AR3IS. 

In a paper recently read Iwfore the British AssiN-iation by Mr. T. 
Aston, the author, al\er alluding to the improvements that have I)een 
made in war projectiles, which have resuttetl in the elongatml ibnn, 
proceeded to notice the advantages which it ]K>ssess4.>d over the old 
qiherioal shape. The elongated projectile, presenting to the resisting 
atmosphere a sectional area considerably less than the spherical of the 
SUDO weight, is less retardeil in its progress through the air. It fol- 
lows, therefore, that although the spherical pn)jectile, with a similar 
diarce of gunpowder, is more easily set in motion, and has a greater 
initiai velocity than the elongated ibrm, and to that ext4*nt has at the 
outset an advantage, the elongated form is much better able to over- 
come the resistance of the atmosphere, and, owing to its suiM*riority of 
momentum, preserves its pnigressive powiT for a much longer period, 
at the same time it is less disturlH>d by th(.^ varyini|: conditions of the 
elastic medium through which it is propelled. In short, it \\i\s a 
longer and truer flight. The essential condition to the ellicieucy of the 
loDff projectile is, that it shall move oiiwanl with its ]K)int foremost; 
if It turns over in its path, it pres(>nts a large surface to the action of 
the air, its flight at once becomes irr(*gular and is rapidly n*tan]ed. 
The action or the eommon sjtinning-top suggests at on"e the idea that 
the best mtjile of making the elongated pnijectile move sti'adily 
through the air with its ])oiiit fon'inost is to give it nttalion nnmd its 
axis of pn)gn>ssion. Hie rai)id n>volution of ilie IhkIv causes its iuhe- 
rent inivyiiAiificjf to be nipidiv carried nmud ii eu\\>{;\\\\ xixvs \w xs.*^- 
iar Oider, and a kind of bafauce is thereV»y efeV;x\A\sWi\, Y!\\\v:\i *^N%a 
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the body a steady motion. Various plans have been from time to 
time tricdf with the objert of imparting to long projectiles a steady 
(light. They have been made with spiral grooves cut externally on 
their peripher}', or internally from front to rear, in the expectation 
that tne resisting action of the atmosphere acting on the inclined sur- 
faces would give the requisite spinning motion. Again, they have 
been made veiy long, and furnished with fms or feathers, in order 
that they may be j)ropelled on the principle of the arrow, but no 
practically successful results have as ^et brought projectiles of this 
kind into use. The required object is, as is well known, readily and 
successfully effected by propelling the elongated projectile frixn a 
rifled barrel, that is, a tube having its interior made of such a spiral 
form that the pi-ojectile, while it is j)ix)j)elled from the breech to the 
muzzle, is turned round its axis of progression : a rotary motion u 
thus imparted, which is retained by the advancing projectile, and 
gives it the required steady motion. The elongated bullet was first 
used with riflc(l smail-arms, eiilier polygrooved or fluted, or, like the 
Enfield, having three gi-ooves. The length, however, was limited; • 
and various attempts were made to fire longer projectiles, compounded 
of various metaL-», and of various shapes, so that by changing the posi- 
tion of the centre of gravity they might be propelled point foremost. 
But if made beyond a certain length they were always found to turn 
over at moderately long ranges. Mr. Whitworth was the first to 
enunciate the j)rinciple that pi*qje(rtiles of any requisite length could 
be successfully (ixe<l by giving them rapid velocity of rotation, which 
should be increased in proportion with their increased length. He, as 
is well known, uses rilles having a sj)iral i)olygonal bore, in which all 
the interior surfaces arc made cin.'ctn'e as rillinjr surfaces. The suc- 
cess of the elonfr«ited projectile having Ix'cn established in the case of 
small-arms, their employiuc*at with ordnance followed as a natural 
consequence. Rifled oril nance were, thereibre, called into existence 
to meet the requirements of th^' time. In fact, rifled cannon may bo 
considered as a rifled musket made with enlarged proportions. 

The importance of giving to ships intended for high speed the shape 
best suited to facilitate their pmgress throu^jli water is now universally 
acknowledged; and Mr. Whitworth considered that it was neces- 
sary to ascertain, by reasoning iijK)n similar grounds, and by experi- 
mental reseiirch, what was the proper shape to give his projectile, 
so that it might be propelled throii'di the air under conditions most 
favorable to precision and rangi;. lie, after numerous corroborating 
exneriments, decided that the pi-ojectilc adopted by lum was the best. 
It has a taper front, having nearly thy external section of what math- 
ematicians term the solid of least resistance, the curve being somewhat 
rounded ; the rear is made to taper in such j)i oportion that the air dis- 
placed by the front is allowed readily to close in behind upon the 
inclined surfaces of the rear part. The middle part is left parallel to 
the required distance, to provide rifling suriaces, and obviate windage. 




ODcJ cons&iucDt length of range), as companid m\ik ^ y^^^*^"^^ ^ ^^ 
common rounded fix)nt and parallel rear eiid. Kv Vy« ^^^smsks^ 
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inacrc lI:o ranm is comparalively slwrt and the rclocitiea givat, t1m 
iJiflVrunrc in iLc result of t)n^ Uiper and non-lapcr rear is uot «o 
■sarki'il as at the higher elciatioiu, where the mean Telocitiei of the 
piT>jsc(Iles luv reducocL But at all ranges the superioritf exist* both 
m prceision and velocity, as the elongated projectile, at no prai'titol 
r^uigre, has a mean veloi'tty bo great as to prevent the atmoaphcra 
■■Iwing in behind it. One of the most important advantages attending 
the UK- of the taper rear is, that it gives a lower trajci'tory, which ren- 
'I'Ts envn vi judging distante of minor importance, as the projectile 
1T hicii skiais along near the groniid is more likely to hit a mark, espe- 
' illy a moling one, than a projectile which, moving in a more eurvei 
)' ith, ha> to drop, as it were, u|)on the object aimed at, whose distance 
I iifpelbrc must De aei'uratcly guessed. The taper shane of ihe rear 
>• peeuliarl}' well adapted for (he proper lubrieatioa of the gun, which 
\i most essential for gocxl shootin". 

Various fiirma of elonsnted whitworth prqiectiles, suited lor special 
purpoaei, were described: tubular projectiles for cuttine eorea out of 
toft materiaJs, as the sides of limber Bm[»; flot-frontcd, hanJened pro- 
jectiles, lirat used by IVhitworlh, and afterwards by Armstrong, for 
penetrating iron plates. It is found that these pro|ectiIes penetrate, 
» hva fixt.<cf pi»nt blank, through iron plates inclined at an angle of fifly- 
vM-n and a half dt^rees to the perpendicular. The edge of the flat 
:i'<[>t, though sUghtly rounded, takes a hold, as it were, as soou as it 
' liii-hes the plate, and the resistance met is merely that due to the 
.iiickueia of plate, measured diagonally. Oflicial e:tperimental trials 
luiulo <m board the Exeellenl at Portsmouth showed that these projec- 
tile* penetralv readilv through water, and would go thruugli a ship't 
■do below water-mark. 

THE MOTIOJJ OF CAUPBOR UPOS WATEB. 

Hti Charles Tomliason has recently presented to tlic Boyol Society, 
Lsndali, it description uf some very elaborate experiments nmde by 
lutn in explanation of the motions of small uorlions of camphor when 
tLrawu upon the surfaec of pure water. The following is an abstract 
: the coneluraons he had deduced from his investigations ; — That ta 
]■ ceed in the production of tliese movements the camphor must bo 
iiirown on the surface of clean water, in a perfectly clean vesseL 
itiat theM phenomena may be also produced by certain salta, and 
Qtbor mbstanccs that diSiiso readily over tlie surface of water. Tliiu 
tit* motions of camphor may be imitated by placing on water floating 
oAa of talc, tinfoil, paper, etc., aneared with or containing volatile 
dk, vt any volatile liquid, such as ether, alcohol, chloroform, etc., pro- 
ridad there bo a commuuication between such a Uquid and the water. 
Hm camphor or other volatile BubManec, being slightly (oluble in 
water, itpreads a fdni over tlie sorfacB of the water the moment lluU 
It MBMi in contact with it. The dimoDsions ami form of this film evi- 
4Mlly dcpetid ou ihow of the jHece of (';m>phor onerati-d on, and in 
pBSIsI Uio fihn separates moru easily I'ruui broKcii suriV-es and 
wiriw tluu fnirn u amootli surlhce, us ibu bcuken «urfaco (A & ct^Oai 

D aotublo iriui) (h(> nuttiral turloec. Tbew G&ma Wiiv^ >Mnc- ^ 
t\!tM.lnil A -an ihu tjuaplior so loug as it ia ia votiVnicX. ■'n.'Ja 'iWfl 
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water, displace each other, the preceding (ilm being conTejed _ 
by the adhesion of the water in radial lines, which prodace motioa by 
reaction on the (ragincnts of camphor, causing them to rotate in th« 
same manner as a Barker's mill. These jets or fiUns of camphor caKi 
be rendered visible by various means, as by fixing the camphor Iki 
water, and dusting the surface lightly with lycopodiom powder, when 
a series of currents produced by the films wUl be made visible. The 
motions of the fragments of camphor on water are greatly influenced 
and comph'cated by their mutual attraction, and by the attraction of 
the sides of the vessel. The film of camphor diflused over the for- 
faee of the water is ven' volatile, disappearing as fast as it is formed, 
chiefly into the air, only a very small portion being retained by tbe 
water. Hence camphor wastes away much more quickly at the sai^ 
face of the water than in water alone, or in air alone, because at tlie 
surface the film is being constantly formed at the expense of the cam- 
phor, and is spread out to the united action of air and water. What- 
ever interferes with evaporation lowers or arrests the motions of the 
camphor and the allied phenomena; so, on the contrary, whatever pro- 
motes evaporation exalts these phenomei^a. Eflects which are displayed* 
with great energy on a bright and sunny day, are produced either sfog- 
^shly or not at all on a wet, dull, or foggy one. A fixed oil forming a 
him on water will displace the camphor-hlm, and so permanently arrest 
the motions of the camphor ; but a volatile oil will only arrest the mo- 
tions while it is present and undergoing evaporation. The motions of 
camphor on the surface of water ai*e increased by the action of the 
vapor of benzole and some other volatile substances, such vapors 
condensing in the li(|uid form on the camphor, and being then diflosed 
by the adhesion of the water. 

EXTENT OP TUE EARTH'S ATMOSPHERE. 

At the British Association, 1862, Prof. Challis presented a paper on 
the above subject, the object of which was to show that the earth's 
atmosphere b of limited extent, and reasons were adduced, in the ab- 
sence of data for calculating the exact height, for concluding that it 
does not exteqd to the moon. It was argued, on the hypothesis of the 
atomic constitution of bodies, that the upward resultant of the molecu- 
lar forces on any atom, since it decreases as the height increases, must 
eventually become just equal to the force of gravity, and that beyond 
the height at which (his equality is satisfied there can be no more 
atoms, the atrngspherc terminatiiig in a small finite density. It has 
been generally ptaUnl that the earth's atmosphere is about forty-five 
miles high, but on no definite grounds, and the estimates of the height 
have been very various. Against tlie opinion that it extends as far as 
the moon, it was argued that, as the moon would, in thit case, attach 
to itself a considerable portion by its gravitation, which would necessa- 
rily have some connection with the rest, there would be a continual 
drag on the portion more immediately surrounding the earth, and 
intennediately on the earth itself, which would, in some degree, retard 
the rotation on its axis. Hence, if, as there is reason to suppose, the 
rotation be strictly uniform, the eattV^ «LtcM»\\\^T^ <i^xvTicA. ^'x.te.nd 
to tha moon, yhe author also staled 1>\;3A. \^ \i^ V^ci^tv ^sy(^^x& ^iiafc 



■OWMr and lliermomL'tcr were observed at two heipihts oHi'crt 
HBlMervatioa, one I'ounderabljr above the uihrr, und both iibov 
^'th in which the currents from the •— ■-'■ '*■ ■ ' — 



■ion m which the currents from the equator idHul'hub thu lempera- 
ftt dftla would bo fhrniahed by wliich an approximate delermiaalioa 
fliu tteight of the atmosphere might be attempted. 



n the preceding commaaication, k was assumed 

^_ inite boundariea at which thuir 

laitits have amalf but finite values. Two cases of refraction were pon- 
one, the curvature of the course ot a ray llirough the 
. ,ihere was assumed to bo always less than that of the Klolie 
irrminds; and in the other, the curvature of the globe might be 
greater. Tlic former a known to be the case of the earth's alutna- 
~ ind it was supposed that, ii fortiori, this must be the case with 
to any atmosphere the moon may be supposed to have. On 
. snppQaition it was shown that The apparent diame>l«r of the moon, 
.WCortoined by measurement, wouid be greater than ihat inferred 
n the observation of aii occultaliou of a star, because, by ruason 
,lhe refractiou of the atmosphere, the star would i^sappear and 
when the line of vision was within the moon's apparent 
The same result would lie obtnine<l from a solar eclipse, 
stated that, by actual comparisons of the two kinds of dotermi- 
I, BUch an excess lo the amount of six to eight seeouils was 

This difference may reasonably be attributed to the existence 

Ft lunar atmosphere of very small magnitude and density. The 

^DT also stated that from this result there would be reason to 

a a solar eclipse, that a slender band of the sun*B disc Imme- 

tely contiguous ti) l!io moon's bonier would bo somewhat briehter 

1 the other parts, and advised that especial attention shouTil be 

a this pirinl on the nest oti;HrrcnL-o of a solar eclipse. The 

1 which the curvature of the path of the rar is greater than 

it of ilie globe was assumed lo be that of the sun's atmcsphere; 

and it was shown, on this supposition, that all objects seen by the 

mys which come from the sun's periphery are brought by the rvfraiv 

tion to the level of the boundary of the atmosphere, whether they pro- 

il from objectson the iurfai;c of the interior globe, or from clouds 

' to be suspended in tho atmosphere. Accordingly, the eon- 

e sun should appear quite continuous, and the augmentation 

int sumi-diamutcr will be enual U> the angle subtended at 

b by tlic whole height of the aiiiioiphoro. Tlie apparent 

■g of the planets wilC for like n-asiin-i. dc augraenli'd to a ccr- 

It by the oflcct of rrfravtion ; an 1. on account of the great 

n of theMi bodies from the eirtli, the ei'lipse of a satellite will 

I the visual rjy is bent by thu interposition of the 

ATaOSPUKllIC WAVES. 

r (fte Biad important n'sulls w\iic\j liavo Rflwi^i t 
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of what is called the atmosphoric warOf which means an ideal sur- 
face in the atmosphere at which the pressure is everywhere the same. 
If the atmosphere were still and undisturbed, this would be parallel 
to the earth's surface, and would never vary. Such, however, is by 
no means the case, the variation being sometimes enormous, rapid, 
and incessant, and strictly marking the conditions of calm and storm 
in the parts of the earth over which the wave is traced. One of the 
best illustrations of the action of this wave was afforded in the great 
stoim wliich seriously injured the English and French fleets in the 
Bhck Sea oh the fourteenlh of November, 1854. This was by no 
means a lojal storm, as was proved by the comparison of more than 
two hundred and fifiy r('i>orts from observers scaltci-ed all over the 
continent. 

On the twelfth of November, 1854, the pressure of the air, which 
had been low, was enormously high on the hue ranging from the west 
of England into France, reaching almost to the Pyrenees, but at vari- 
ous places east of this line the barometer was low. A great undula- 
tion of the air was taking place, and the ridge of a commencing 
wave was in the line here stated. As yet the storm had not com- 
menced ; but before four-and-twcnty hours had elapsed this vast 
wave had moved toward the east, the north part of the crest having 
then reached Sweden, while the southern part had advanced far in 
the Mediten'anean. It went through the gi'cat cities of Berlin, Dre»- 
den, and the southern part, an<l, having the Alps as its boundary', was 
lost in their windings. On each side of this crest the indications of 
storm were very marked. 

Still another day elapsed, and the wave had now reached St. Pe- 
tersburg and Dantzig, while its southern part was close to Vienna, 
and had entered the Adriatic, runuincr down the coast of Dalmatia. 
On the fifteenth it was on tht.^ Carpathian Mountains, and on the six- 
teenth the crest had reached the Black Sea. Beyond that, there 
were no observatories to mark its progress. The storm took place 
when the low advancing wave glided over the gloomy waters of the 
Black Sea, long before the crest made its appearance. The weather 
is described as having been favorable enou^n until the fatal atmos- 
pheric wave bore down on the spot Then, mdeed, the barometer fell 
rapidly ; but it was too late. 

The liigh crest so curiously indicated could not be unaccompanied 
by depression. It commenced and was traceable at a great distance, 
and, m point of fact, the depression everj'where preceded the ad- 
vancing wave, while another less considerable followed it. But while 
at the beginning the difference was small and the result unimportant, 
in proportion as the wave advanced toward the east, the hollow in 
advance became greatly deepened, or, in other words, the mercury 
stood very low indeed. The strength of the storm was felt where 
the depression reached its minimum, in the Black Sea, on the four- 
teenth of November. At that time the depression had been suc- 
ceeded by the crest of the wave between St. Petersburg and the 
Dalmatian coast. The course of this storm, froui its first conuncnce- 
meut on the shores of the Atlantic till it reached the Black Sea, and 
tlic rate at which it was travelling, wove uvj^-U^Ta y^v^vs^inX"^ -wsisifli ^isJ^r 
vulitlon after it had passed over ihe T^ndsVv Il^tv^Va^ ^^sA ^^ <vcds^ ^ 
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hi probable amval in the Black Sea might have been telegraphed 
fbrtj-eight hours in advance. 



VERTICAL MOVEMENTS OF THE ATMOSPHERE. 

At the British Association, 1862, Prof. Ilonncsy stated as the 
ramlt of his observations, that non-horizontal movements of the nir 
arc more prevalent^ upon the whole, about mid-day, than at anv 
other diurnal period. Their sudden and abrupt conunencement is 
OBoally a precursor and always accompanies great horizontal disturb- 
ances. Tneir gradual and regular diminution in energy seems to 
point to a steady tendency in the air towards a state of con vcc live 
equilibrium, and frequently precedes fine weatlicr. In general the 
motion of the air is not strictly horizontal, but undulatory ; and the 
mingling of such undulations with the eflccts of convection seems to 
point out the value of the study of the atmospherical pulse as a test 
of the changes of the weather. 



MECHANISM OF THE HUMAN VOICE. 

By means of the lar^nfigoseope, Mr. John Bishop has succeeded in 
ifatching the movements of the larynx during the utterance of vocal 
sounds. When the lower tones are made, the vocal cords vibrate 
through their whole length. As the pitch rist»s, the vibrating length 
diminishes, and the cords are pressed more closely together. In fal- 
setto notes, it is only the cxtrt^me end of the cord that vibrates. 
Moreover, the vo<'al cords form a kind of valve, which is situated in 
a tube, and acts like a rt»cd. Thus, the organs of the voice perform 
the double office of reed and string. — Proc. liotjal Soc, 

Taking advantage of the lar}'ngoscope, Prot*. (Jzennak has succeeded 
in photographing the glottis, its condition durino; vocalization, and tho 
changes which take place in the cords during the (Hiferent chest and 
falsetto notes. 

THE SOUNDING PROPERTIES OF ROOMS. 

A correspondent of the London Builder presents the following 
ideas on the proportions of rooms for propagating sound. He says: 
A building of a certain height, length, bi-eadth, and form, is reipiircd 
to enable an assemblage of persons to hear clearly and distinctly in 
every part of the room. I only know of one room in Great Bnr.'in 
(and I have examined many) which is as near perfection us p()s>ilKe. 
and this a concert room at llarrowgate. The following are its <liin n 
sions: — 



liTiiBth of room {nuido 
Wl((th . . . . . 
Hcl^^it to the rcilin;; line , 
Uel|;ht to centre of ceiling 



W' n-ot ii]i.>i)C». 

.1.1 ,i 7 »» 
• fl t< •• •• 



The ceiling is the segment of a circle riMng one fiwt in seven 
inches. There nro nine sunken panels \u lUe leu«^vU of the eeiUn*^ 
and seven in widthf each nine inches deep. TVvitvi ox\i ViVCk^ Nsax^^i 
wimhwB along the north wall, three at liio east asi<i \Xa<sft «^. >X\^ 
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west end. On the south side there are two doors and one w.ndow, a 
small orchestra ten feet high, and two Doric columns on each side of 
the orchestra. 

POWER OP WAVES. 

In a paper on this subject before the British Association, 1862, 
Prof. Rankine stated that the mechanical energy of a wave is half 
actua! and half potential (half being due to motion and half to cle- 
vatio: ), and the destructive power of a wave is double of that due 
to thf motion of its particles alone. The h^'drostatic pressure of each 
individual particle during the wave-motion is the same as if the liquid 
were still. 

FORMS AND ACTION OP WATER. 

At the meeting of the British Association, 1862, one of the even- 
ing meetings was devoted to a lecture from the well-known physicist, 
Prof. Tyudall, on the *• Forms and Action of Water." 

The Professor dwelt at the outset on the energy of molecular 
forces. In the combination of oxygen and hydrogen to form a gallon 
of water, weighing ten pounds, an energy was expended — the atoms 
clashed together with a force — equal to that of a ton weight let fall 
from a height of 23,757 feet. In falling from the state of vapor to 
that of water, an energy was exerted equal to that of a ton falling 
from a height of 3,700 feet, or of one hundred weight from a height 
of 74,000 feet The moving force of the stone avalanches of the 
Alps was but as that of snow-flakes compared with the energy in- 
volved in the formation of a cloud. In passing finally fr*om the 
liquid to the solid state, the atoms of ten pounds of water exercised 
an energy equal to that of a ton weight failing down a precipice five 
hundred and filly feet high. The lecturer then halted to consider 
some of the phenomena connected with water in its vaporous state. 
Its action upon radiant heat was extraonlinary. Though forming 
opily about five-tenths per cent, of the entire atmosphere, for every 
ray of terrestrial heat struck down by the air, fifty, sixty, or seventy 
rays were destroy<Kl by the aqueous vapor. The vapor of the lec- 
ture-room was shown by condensing it on the surface of a vessel con- 
taining a freezing mixture, on which it precipitated itself in such 
Quantity that, when scraped off, a snowball was formed of the con- 
ensed vapor. Aqueous vapor was the "barb" of our atmosphere; 
it permitted the solar rays to reach the earth, but intercepted the 
ti'iiestrial rays in their escape towards space. The Desert of Sa- 
il :ira showed us what would be the effw-'t of its removal. There, 
where the "soil is fire and the wind is flame" during the day, the 
nights are intensely, cold, — ice, in fact, has been known to be formed. 




temperature. 

briefly on the li(juid state of water, and passed on to consider its solid 

form. Ice was chosen, and shown to be eminently brittle. Pieces of 

//. when placed together, froze lo^elWt. TlVx* ^tvi^xvcv^ ^^a ^<(s«^ 

Tcur in hot water. The ice was scra\>evi \o ^mvi ^\<^^t^«ssA ^^u^ 
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frOEen powder, placed in a moiild, was ngiieezed to a spht-'e of hard 
we by the pressure. Cups witc foiinwl from the ice powder; and in 
the preaeoce of suuh expcrimeuta it was easy to sue how the snow 
of the Alpino mouutaios should compress iteiilf to ice, and how the 
ic^e could be squeezed through the moulds fijnned l>y the valleya. 
From cxistiue; glacii^rs the Frofos,ior passed on to those of a fonner 
epoch, and sihowed that a diminution of the sun's heat would not 
account for them. They were aa mueh a proof of heat as of cold. 
They were a proof of powet-ful condensnlinn, bat to produce the 
tapor for condensation an enoTTooua cxpuuditure of heat was neces- 
>arj. To produce a glacier required aa muth heat as would raise five 
^njK the weight of (hat glaiicr of ciist. irciu to its melting pmnt. 
IVbat was wanted, then, to lU'aJufo the Rlatial epoch was not a less 

' ' lun, but a more poweiful toii denser ; and the speaker con- 

,t this was most easily obtaiued by assigiiing to the Alps a 
pnater mean elrviilinn Ihnn llicy now enjoy. For ages they have 
UBm planed ilonii }-y ixhr'n'r^ atid by atmospheric denudation gener- 
llly. The vrdli> 111' liu' I'll is oTerstrewn witli their mina; by the 
ind tear of ijiiii' tliev iiiiiit liavc been lowered, and hence ren- 
incompefcnt tu toudcn::i; the vapors necessary to produce the 
a of a by-gone age. 

SCJEHTIFIC BALLOON ASCEKTa. 

iTnder the ausp es of the Bntieh iasociation, eight balloon ascen- 
Ws for ac entific purposes have been recently made by Mr. Glai- 
•btr the weH known meteoroli^at In a, communication made to the 
Upttsh Assoc aton 18(j2 Mr G dotaled the objects sought to be 
Ilia ned n these expermient. as follows — 

The primary obje ta of the expenments were, the determination 

of the temperature of the a r and ta hygrometrie state at different 

"'" ations up to fi o mles. The aoLondary objecta were, to compare 

read n;^ of an a ero d barometer w th those of a mereurial barom- 

■ ii m I t d nn ne the electrical state of the atmos- 

d temuu I n c cond t oil of the atmosphere by 

zon p p i^ to 1 erm ne the traie of vibration of a ma^ 

! 1 at iff" r at distances from it ; to determine tfo 

|» nt 1 Dan ell a dew-point hygrometer and 

I gmmcter anl by the use of the dry and 

as ordmanly used and by their use when nn- 

aip rator so tl at -onsiderahle volumes of air 

n o ] RB ver bott b lbs a i {Torent elevations, as high as 

bic, but parti ulwlj up t (host, I igh a where man may bo reri- 

t or where troops may bi. local xl i n the high lands and plains 

r Ind a w th t! c V ew of ascerta ng what confidence may be 

d n the e of he dry and w t bulb thermometers at those ole- 

nn 1 r I" n with those found directly by Daniell's and 

n f* and also to ompare the renulla as found by 

tl ] " ther to coQe t air at difiercnt elevations; 

n ni ! I k nd of clouds, their density and thickness, at 

bff rint 1 vnt r> n ) term no the rat ami AiveMAQVi ot 0££«t'M& 

airente a tb atmosphan, if possible to loxke (i\aeT^^™« «b. 
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eound ; to note atmospherical phenomena in general, and to make 
general observations. 

Mr. G. then gave a detailed account of the instruments used, and 
the circumstances connected with the various ascents, all of which 
were made in the vicinity of London. In an ascent on the 17th 
of July, a height of 2G,177 feet was reached; and in the descent a 
mass of vapor of 8,000 feet in thickne^ was passed through, so den«e 
that the balloon was not visible from the car. At starting, the tem- 

gerature of the air was fifly-nine dejrrecs; at four thousand feet, forty- 
ve degrees; and dosr'C'uded to twenty-six degrees at ten thousand feet ; 
and then there was no variation of temperature between this height 
and thirteen thousand feet. '* During the time of passing through tins 
space, Mr. Coxwell, my companion, and myself l.)c)th put on additional 
clothing, feeling certain that we should expenenco a temperature 
below zero before wc reached an altitude of five miles; but, to my 
surprise, at the height of 1-1.500 {^I'Qt^ the temperature as shown l^ 
all the sensitive instruments was tliirty-one degrees, and at each suc- 
cessive reading, up to 10,500 feet, tlie temperature increased, and was 
here forty-three degrees. "Wlien we had fallen somewhat, the tem- 
perature again began to decrease and v/ith extraordinary rapidity, 
and was sixteen degrees, or twenty-seven degrees less than it was 
twenty-six minutes before. At this time, alxmt eleven A. M., we 
were at a height of five miles." 

In an ascent on the 20th of Au<rust, the balloon hovered for a long 
time over London, the hum of which was very audible. AMien the 
city was lighted at nijrht it presented the appearance of an enor- 
mous conflagration. The most important ascent, however, was made 
on the 5th of September, in which a greater elevation was attained 
than had ever before been reached by human beings. The ascension 
commenced at one p. m., the balloon rontnining j>ixty thousand cubic 
feet of coal-gas, of si>ecific gravity 0.310 ; ordinary cosu-gas being 0.470. 
At the surface of the earth, the temperature of the air was fifty-nine 
degrees Fahrenheit ; at the heiirht of one mile, thirty-nine degrees 
Fahrenheit Shortly after attaining this altitude, the balloon entered 
a cloud eleven hundred feet in thickness, in which the temperature 
fell to tliirty-six Fahrenheit, and the air was saturated with moisture. 
When a favorable opportunity presented itself, a photograph cam- 
era, which had been pmvidr.'d with a set of extremely sensitive dry 
plates, was brought into requisition for the purpose of taking photo- 
graphs of the clouds, but the balloon was aseendinj; with such velo- 
city — owing to the expansion of the gas and th(^ lighter character of 
the atmosphere — that Mr. Glaisher failed to obtain a single picture. 
At three miles high, the nui'-hine was rising rapidly, the sixty thou- 
sand feet of gas had <?xpnn(led to ninety thousand, and was ooz- 
ing out of the snfety-valve at the bottom of the balloon. The rate of 
ascent was stated bv Mr. (Ibishcr to have been as follows: — " Wc 
reached two miles in hciirht at 1.21 ; three miles at 1.28 ; and four 
miles at 1.39. In ten minutes more wv. had reached the fifth mile, 
and the temperature had passed below zero, and then rea<l minus 
two degrees. Up to this time, I had tukon oliservations with comfort. 
/ And expcrioncoil no difficulty \i\ WcalVm^, wAvvX^X. Co-s.-^^^vtw «iDt> 
sequence of exertions in throwing out baWavixl, W^ \iT^i»Ji>Ms^ ^^ ^&S^ 



ficuity for some time." Yvvy somi after this, however, Mr. Glaisher 
began to feel unplensiintly. Dc:!* rihiiijij what then oceuired, Mr. G. 
GOntinuGS : — ** Mr. C'oxwol! aseoiidptl into the ring, and I endeavored 
to reach some brandy which v.ms Ivln^r on the tabic at a distance of 
naat a foot ironi my h;ind, but T was unable to do iio. My sight 
became dim. I looked at the b.'^i'onietci', and saw it between ten and 
deven inches, and tried to ri'cord it. but was iinabh- to write. I then 
nw it at ten inches, still deireasing ta:t, and just nianafred to note it 
in my book, — its true reading, then-lore, was alxmt nine and thrt»e- 
ibnrths inches, implying a height of aKnit iwenty-nine thousiind feet. 
I was losing all power, and endeavored to musr myself by struggling 
and shaking. I essayed to tell Mr. Coxwell I was l»eeoniing ins<»nsi- 
Ue, but I had lost the power of spet^ch. 1 saw Mr. Coxwell dimly in 
the ring; it became moiv misty, and finally dark. I was still con- 
Kioas, and knew I should soon be insi*i)sil)K*. and I suddenly sank as 
in sleep. On recovering eonpi-iousne.'S, 1 heard ^Ir. Coxwell say, 
*What is the teniperatun'? Take an observation, — now tr}*.' I 
could neither see, move, nor speak ; but T knew he was in the car, 
trring to rouse me. I then heard him s|)eak u:oiv emphatically, — 
'Take an olwervation. Now do liy.* I then s<iw the instruments 
dimly, and Mr. Coxwell very dimly ; then nioi-e clearly; and shortly 
afterwards said to Coxwell, — ' I liave been insensible ; ' and he re- 
pfied, *You have, and J, nearly.* 1 recovered somewhat quickly, 
and Mr. Coxwell said, — * I have lost the use of my hands ; give me 
same brandy to bathe them.* His hands were nearly black. I saw 
the temperature was .«till Ik'Iow zero, and the Iwrnmeter reading 
eleren inches and increasing (juiitly. I n^sumed my ol.)sen'ations at 
2.7, recording the barometer reading 11.53 inches, and the temp<»ra- 
tare minus two degrees. I then found that the water in the vessel 
sapph'ing the wet bulb thermometer, which I had by frequent disturb- 
ance kept from freezing, was one mass of ice. Mr. Coxwell then told 
me that whilst in the nng he felt it piercingly cold : that hoar-frost was 
all round the neck of the balloon; and on attempting to leave the 
ling ho found his hands frozen, and he had to place his arms on tho 
ring and drop down ; that he ibund me motionless, with a quiet and 
placid expression on the countenance ; that he at first thought I was 
resting m}'self ; that he then s])oke to me without eliciting a reply, and 
then obser^-ed my arms hanging by my side, and my \v& extendwl, 
and found 1 was insensible. lie then felt that insensibility was com- 
ing over himself, and that he could not assist me in any way ; that 
he became anxious to ojhmi the valve, that his han<ls failed him, and 
he instantly sinzed the line between his teeth, and ]>ulled the valve 
open two or three times, until I lie l)al1oon lK>gan to descend.*' In the 
course of a few minutes, Mr. (.ihii.-iher revived, and by the time that 
he reached the earth the efl'ects of his faintncss had cntin'ly di-iaj)- 
peartnl. While Mr. (ilaisher was uiicons-Mous, Mr. Coxwell liaj)- 
pened to east his eyes on the needle ot' the aneroid bammeter. and 
when Mr. Glaxsher rt'dJvercd he iulbniied him of ils ])osition. From 
this obscr\'ation. Mr. (Jlaisl:er e.-iim lies tlmt liny attained a height 
of fiilly six miles. At a height of live miles, VUvi yvwtv\\t>j* A«A vX 
MtttBVS drc dvffix'vs; tlu: y<'lf-rep*«terin«' lhem\o\\\et\?T xwXw^VvA >^v^ 
Mi bad been as low as minus tweiitv, or lilXv-lwo CLft"y<iKa \*^fim 
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freezing point Amon? the articles taken up in the baUooQiiata 
quantity of water, and until they reached a height of fire miles 
Mr. Glaisher kept it from freezing by occasionally stirrine it with a 
small ladle. When he recovered his consciousness he found that the 
water had been frozen into a solid block of ice, and it remained 
in this condition for more than an hour and a half after he reached 
the earth. 

In this ascension, six pigeons were taken up. One was thrown out 
at the height of three miles ; it extended its wings and drc^ped like 
a piece of paper ; a second, at four miles, flew ^-igorously round and 
round, apparently taking a dip each time ; a thim was thrown out 
between four and five miles, and it fell downwards; a fourth was 
thrown out at five miles, and it fell downwards ; a fiilh was thrown 
out at four miles when descending ; it flew in a circle, and shortly 
alighted on the balloon. The two remaining pigeons wero broosht 
down to the ground. One was found dead, and the other, a earner, 
had attached to its neck a note. It would not, however, leave, and, 
when cast off the finger, returned to the hand. After a quarter d 
an hour it be^an to peck a piece of ribbon by which its neck was 
encircled, and it was then jerked off the finger, and it flew with some 
vigor. 

Compared with this aerial voyage, all other balloon ascensionB sink 
into insimiificance. Gay-Lussac attained an elevation of about four 
miles; Mr. Glaisher on two occasions rose considerably above this 
elevation, and on the last ascent, as we have already stated, probably 
attained a l)ei<;ht of six miles. Had it not been, moreover, for mo 
presence of miud of Mr. Coxwell the voyagers would have shot im 
mto an atmosphere so thin that respiration could not be sustainec^ 
and in the end the expansion of gas would probably have burst the 
balloon ; or, if the safety-valve had been suflieiently large to allow for 
that expansion, they might have been carried into space and niun* 
bered among the victims on the altar of science. 

The London TimeSy in conuneuting on this ascension, says : — " Cour- 
age is a thing of habit, and sometimes it fails altogether just as soon as 
it is out of the field of its habit. Your bold rider is one who has begun 
young ; his whole body, with its muscles and sinews, has accommoda- 
ted itself to the back of a horse, and acquired an intuitive and uncon- 
scious balance. But take him off of his horse, and, unless he has the 
principle of courage within him, he is an ordinar}" mortal, and no 
more likes breaking his nock than a quiet humdrum citizen. A sol- 
dier is accustomed to coura";o in company, with gallant fellows around 
hiin ; but that makes an immense dlirerence. Company is both in- 
spiriting and relieving ; it divests courage of its horrors and gloom. 
It is, therefore, much easier to be bold in company. The feats of a 
man of science give you a better guarantee for real ooura^, because 
they are solitary, deliberate, calm and passive. It is true lie has his 
entimsiasm which helps him. and lie has his field of courage to which 
he has accustomed hbnself. But every new venture, every fresh essay 
u{)on this fiehl, is a solitary eflbrt and impulse' with him. He has to 
fight alone and by himself against the faintness of nature, without 
men shouting, or flags flying, or tinnw^els vAaiiv^vu^ ;)crav]ksA Vossv. 13» 
/hc'cs the invisiblo forces of nature, Uw^ gas \\\a.\. <ix\^sA«& ox ^Ooa ^^naEAk 
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that penetrates, with tho countenance of a student and philosopher, 
and IS at the disadvantage of having to be fully conscious and self- 
pOMoapcd, instead of having the aid of the swing and the impetus of 
paasion. The cool feats of our scientific men are known to us all — 
SDcli as that of Sir Humphrey Davy inhaling a particular gas with an 
aocorato report every mmute or two of its successive cilects upon his 
hrain and senses ; but the aerial voyage of Messrs. Glaishcr and Cox- 
well deserves to rank with the greatest feats of our experimcntalizers, 
dbeoYcrers, and travellers. It is true that tlicso gentlcmcu have not 
faRMiffht down a very comfortable or ius]^irii]g report of the upper 
world into which they have penetrated ; but they have, nevcrthelcjts, 
fumiahed one more striking and impressive scene to the history of 
science. They have shown what entliusiasm science can inspire, and 
what courage it can give. If the man, as tho poet says, had need of 
' triple steel about his breast ' who first launclie(l a boat into the sea, 
certainly those had no less need of it who first fioated in the air six 
miles above the surface of the earth." 

Fnxn a mean of all his obser\'ations, Mr. Glaisher prc>i)ented to tho 
British Assoc^iation the ibllowing table, showing the mean temperature 
of the air at every five thousand feet of elevation above the level of 
the sea in each high ascent : — 
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10.2 


15,000 


31.0 


31.1 


10.0 


21.0 


25.7 


7.2 


19,600 


42.2 


• • • • 


• • • • 


• • ■ • 


• • • • 


• a • • 


20/)00 


33.0 


25.0 


• • ■ • 


10.0 


23.2 


2.5 


25,000 


Ifl.O 


2:{.9 


• • • ■ 


0.0 


13.3 


0.0 


30,000 


■ • ■ • 


• ■ ■ ■ 


• • • • 

■ 


-5.3 


• ■ ■ • 


• • ■ • 


DacRMe of Tempeni- 
tmn for an Inrmwe of 
IM|htors&.OOi>Fn>t. 


44.0 


45.7 


• ■ • • 


C2.2 


50.5 


• • • ■ 



The results on July 17 are perfectly anomalous. Uj) to 10,000 feet 
the decrease acconLs with the otlior day."* of experinients ; but from 
10,000 feet the results are p<*ri\M'tly surprising, and continue so up to 
more than 20,000 feel. Alwve 2i>,ooO IW-t they are again accordant. 
If we suppose* that up to 10,000 fci>t and again at 25,000 feet tho 
result I are not abnomnl, by c*outinuing tli*' curvt* joining these two 
portions, and thru rendin^j, wc should li:ivo tlii' ii>llowiiig nsidings, 
namely' : nt tivt thv nn'iin t«'inpcratmv was VA,*!^; ;\V ;>^V,NVSVi 'iwA.^ 
JA'^,- at 10,000 lid, 27.it ; r.t l.";,UViy \cvV, *2i.".- \ v\V W^^oViVi ^vviV^ 
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20.0<' ; at 20,000 feet, 10.5^ ; at 25,000 feet, 16.3^ Then tlie 
of disturbance would be as follows : — At 10,000 feet, 0.5^ in excas; 
at 15,000 feet, 8.3^ in excess; at 19,500 feet, 22.2^ in ezetiv; at 
20,000 feet, 13.5° in excess ; at 25,000 feet, 0.3° in defect. The nom- 
bers in the last column of the table show that the ayera^ decrease 
of temperature in the first 5,000 feet exceeds 20^, and in the next 
5,000 ieet is but little more than 10°. The numbers in the lowest 
line of the table show that the average decrease of temperature for 
25,000 feet is 51° nearly. From these numbers it seems that two- 
fiflhs of the whole decrease of temperature in five miles takes place 
in the first mile, and therefore that the decrement is not unifimn with 
the increment of elevation. 

Mr. Glaisher then spoke upon the electrical state of the air, which 
he found charged with positive electricity, decreasing in amount with 
elevation. With respect to ozone, he said that none was shown in the 
earlier ascents, but that large quantities were shown in the latter, and 
attributed the deficiency in the former to bad paper. He remariced, 
that diminished pressure exercised a very dinerent influence upon 
different individuals, dependent probably upon temperament and or- 
ganization ; that the efiect of higii elevation was different upon the 
same individual at difierent times ; that the time of vibration of a 
magnet was somewhat longer at high elevation than on the earth ; 
that different notes and sounds pass more readily through the air than 
others, instancing that the barking of a dog van be heard two miles 
high, and the shouting of a multitude not one mile. The author con- 
cluded his paper witli the following remarks : — " These eight ascents 
have led me to conclude, first, that it was necessary to employ a 
balloon containing nearly ninety thousand cubic feet of ^as ; and that 
it was impossible to get so high as six miles, even with a balloon of 
this magnitude, unless carburetted hydrogen, varying in specific 

gravity from three hundred and seventy to tliree hundred and forty, 
ad been supplied for the purpose. It is true that these statements 
are rather conflicting when compared with those made by one or two 
early travellers who professed to have reached some miles in height 
with small balloons. But' if we recollect that at three and three- 
quarter miles high a volume of gas will double its bulk, we have at 
once a ready means of determining how high a balloon can so ; and 
in order to reach an elevation of six or seven miles it is obvious that 
one-third of the capacity of the balloon should be able to support the 
entire weight of the balloon, inclusive of sufficient ballast for the 
descent. 

" It has been stated by an aeronaut of experience that strong op- 
iwsing upper currents have been heard to produce an audible conten- 
tion, and to sound like the ^ roaring of a hurricane.* Now, the only 
deviation we experienced from the mo>t perfect stillness was a slight 
whining noise in the netting, and this only when the balloon was rising 
with great rapidity. The balloon itself, as it descends, flaps about oc- 




Yviadily 
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wind was not confinned in our trips ; nor was tbo appearance of the 
vpper sorfkce of the cloads such as to establish the theory that the 
clouds assume a counterpart of the earth's surface below, and rise or 
fiOl Uke hUls and dales." 

Hie principal results of his obserrations Mr. Glaishcr summed up 
aa follows : — That the temperature of the air docs not decrease uni- 
finily with height above tnc earth's surface, and tliat, consequently, 
iDore elucidation upon this point is i*c(|uircd, particularly in its influ- 
ence on the laws of refraction. That an ancriod barom(>tcr can be 
made to read correctly, certainly to the first place, and probably to 
the second place of decimals, to ci pressure so low as nvc inches. 
That the humidity of the atmosphere docs decrease with the height, 
with a wonderfully increasinp^ rate, till at heights exceeding five 
Dul<» the amount of aqueous vapor in the atmosphere is very small 
indeed. Mr. Glaishcr iilso assorted ^-that obsi^rvations up to three 
miles high, even of a delicate nature, can be made as comfortably in 
m balkxm as on the Ccirth ; that at heights exceeding four miles they 
cannot be made quite so well, because of the ix^rsonal distress of tho 
observer ; that at five miles high it requires the exenrise of a strong 
will to make them at all. That up to three miles high any person 
may go into the car of a balloon who is possessed of an ordinary 
ditgree of self-possession. That no ]K^rson witli heart-<liscase or pul- 
monary complaints should attempt four miles high. But, at the same 
time, it must be borne in mind that I am concluding that the balloon 
ii properiy handled.** 

In the discussion that cnsuod, Mr. Glaishcr read a letter from a 
French scientist, M. Simons, oticring to ^o eleven miles high, and in- 
litin^ Mr. Glaishcr himself to ascend eight and a half miles with him. 
Mr. Glaisher said he had no doubt that by taking up sufficient oxygen 
a higher point might be attained, but he (Mr. (iUiisher^ thought tho 
risk too greats Colonel Sykes said that after ]Mr. Glaishcr became 
insensible, Mr. Cox well must have risen to the elevation of at least 
•eren and a half miles, and was not otherwise afl'eetcd than by tho 
cold benumbing his hands. He thought there was not, after all, so 
much danger, and that the sensations (*xp<.>ricne(Hl i*csultcd from the 
particular idiosyncracy of the individuals. He ho]H'd the Association 
would sanction further exiK'rimcnts, and they need be under no ap- 
prehension OS to the danger of higher <isr;en*t'^. Dr. Drosicr thought 
the utility of reaching lii«;h altitudes w<is midisputed. Several physi- 
cal forces liad contributed to the lo^s of senr-iation experienced by Mr. 
Glaishcr: the first and least efFcetive was rold ; next, the diminution 
cf oxygen; and, last and most imiKirtant, the diminution of prt>ssurc 
npon the surface of the body, and c<)ii9e(|uently of the pri>ssure of tho 
blood upon the brain, which cau^-evl syncuiK*. This he proposed to 
remedy uy a horizuntul (xxsition, or more etle^'tually by an air-tight 
covering for the body containing atina^pheric air, from which, how- 
ever, the head might he. excluded. 

In a recently j)ublished letter on Mes-si-s. CHaisher and CoxwcU's 
dUUnal cxiieriinents. Sir tJohu Hcrsrhel says : — While euiigratulat- 
ins these gentlemen on the narmw csi'ape with their lives from so 
unneard-ol a fate a:* that which awaitetl them had 1)»1y, Voi^v!viWv» \.<i«x\x 
ever so Jiulo less tenacious, I must be aWo^QiV \a CLv^vclmx vx^ >^ 
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conclosion that the height so attained is to be n^^arded as the limit of 
what man can ever expect to reach (or reach with safety), which 
seem? to be Mr. Glaishor's opinion ; and I would throw out die sug- 
gestion, that were the aeronaut pro^'ided with a vessel contuning » 
very moderate number of cubic feet of oxvgen gas condensed under 
a pressure of four or five atmospheres, with the moans of letting it 
out, in small quantities at a time, into a brcathinn^-liag from which he 
might inhale the pure element at ])ei*foct case, all danger of asphyxia 
would be avoide<l, and a miM'h greater altitude safely attained ; while 
his strength might jxyssibly l)c sustained by a supply of that wonder- 
ful stimulant, the Peruvian coca leaf. As the proportion of oxygen 
in ordinary atmospheric air is no more than one-fi(tn of the total vol- 
ume, and as no inconvenience is experienced in breathing air of half 
the ordinary density, it is evident that a sufliciency of oxygen to sus- 
tain the full vital ]X)wer would be thus obtained under a oarcmetrie 
pressure of three inches of mercury, or one-tenth of that at the BUiv 
face of the earth, which would (correspond to a height of about 60,700 
feet, or 11^ miles, calculating on a decrement of temperature of 10® 
Fahr. per mile, and a temperature of G0° at the earth's surface." 

LAMONT'S NEW THEOUY OF ATMOSPHERIC VAPOR. BY ALEXAN- 
DER S. IIEKSCHEL, B. A. 

The experiments of Dr. Dnlton on the pressure of vapor risinff 
from the surface of water at diflcrcnt temperatures, in free space anl 
in space enclosing air, led to concliL>ions which have since ocen re» 
ceived by the compilers of meteorological tables, but which are que^ 
tioned by M. Lamont, and shown by his experiments to be in some 
degree fallacious. The vapor of boiling water, or of water at 100® 
Centigrade, is familiarly known by the vibrations of the lid of a kettle, 
and by the formation of bubbles upon the surface of the heated 
water, to have the pressure of the incumbent atmosphere. The bul^ 
bles which rise to the surface of wat<T boiling in an open vessd 
enclose witliin their pellicle a vapor whose tension or elastic force 
is exactly equal to tliat of the e(pially heated air which surrounds 
their envelope, and burst so soon as the quantity enclosed exceeds a 
cai)acity proportioned to the thickness of the film. The experi- 
ments of Dalton proved that the vapor so enclosed was lighter than 
the air surrounding, in verj- nearly the pro^wrtion of two to three. 
It follows, by Mariotte's law of ciiufil^le expansion of gases or 
vapors by heat, that such vapor and such air cxposinl to any supex^ 
equal teinperature will have to each other the same proportion, in 
density, of two to three ; but a further deduction from the experi- 
ments of Dalton is this, that water l)oiled in a partially exhausted 
rc»ceiver of air will give rise to bubbles which enclose a vapor having 
ctjually a proportion in density of two to three to the a^acent air. 
In short, the vapor of wat<T and common air, wherever these sulisist 
at a common temperature and pressurt>, art* alwaj-s in the proportion 
in density of two to three one to the other. AVe hen* consider the 
case of water boiling in air. The pressure of the incumbent air 
boiufT in tlm case the exact me;\sure (A* l\\vi v>Wv\v!. ^oxq«'. ot \«w5«m\ of 
the vapor omitted by the water at boWina \v:m^T;s\3as^ ^ \a^i^ "Sa 
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readUf constnieted to exhibit the vapor tension of water of ^ven 
temperature. CoQceiye a globe, completely exhausted of air, to con- 
tan a quantity of water, not too Bmall, and to be raised to a eertain 
Umperatare in the open air ; this globe will hare a tendency to ex- 
plode or to collapse, according as the tempieraturo is above or below 
100° Centigrade. If the atmospheric prc^aure about the globe be 
only one-half of the ordinary preaaure of the atmosphere at the sea 
level (as, Ibr instance, on the summit of Mont Blanc), the globe will 
have similar tendencies according as its temperatnre is above or b&- 
low 82° Centigrade. And so, Ibi' higher and lower preesures of tho 
atmosphere without, there will be required hig;bcr or lower tempera- 
lures of the water globe to equilibrate from within the pressure from 
without. Such a table, wtpressing the pressure of pure vapor ariang 
6om water of given temperature, has been constructed with extreme 
accuracy by Mr. Rognault; and it renulta that, by exceedingly rapid 
methods ot e^austion, water may be made to freeze in the very act 
of boiling, ice or snow being forms of water which do not in the least 
iaterrupt the regular march of the numbers of the table. 

Conceive again a waled globe to enclose perfectly dry air of a 
given temperature and pressure, and likewise a vessel freely dilat- 
able, including water in sutBcient quantity. If the temperature of 
the globe be high, and the pressure of the air within it be small, the 
water so im^Iuded will boil, and the temperature being exactly main- 
tained, the vessel will enlai^ until the incumbent air is so compressed 
in space as to exert exactly the pressure of the vapor upon the 
external surface of the vessel. The pressure which now obtains 
within the globe is that due to the temperature of the water, accord- 
ing to the value assigned in the table before mentioned. AI. Lamont 
ateueea us, trom experiments, that the pressure will maint^n this 
value if the walls of the including vessel be now removed. Dr. 
Dalton, however, deduced from his experiments a different nile. On 
removal of the partition supposed to separate the gaseous fluids, more 
aqneoi'; vapor will be generated in proportion to the space occupied 
by the air, it will cross the boundary and fill that space as if it were 
a vaemim; the air at the same tune will cross the bonndary and ex- 
pand into the space engaged by aqneooa vapor ax if it were a vacuvm, 
and a pressure will result, the sum of that due to the temperature 
of tbe watfir and that of the air originally enclosed. 

M. Lamont has found that a globe connected with on iced receiver 
by a lube one line in diameter may for two lioura be occupied \yy 
water at a temperature of 100° Fahrenheit without signs of distilla- 
tion talcing jilacc. Yet the pressure within tbe globe and receiver 
BL Lamont tbund to bo compounded of that of the heated air and 
of the aqueous vapor with which the aerial space of the globe waa 
saturated (by convection). This experiment is proof sufficient, in 
the ojnnion of M. Lamont, that the particles of vapor and of bat 
are not, as in the theory of Dalton, indiffereSt one to another as 
grains of davt, but exert upon oue another a matual and permanent 
reaction. Whereas the aqueous particles are incapable, at low tom- 
tur«8, of exerting those pressures by"which they might assume 
-g the particles of air positions of «[ua\ and inde\iMi5jMA wAoa, 
— Tat advocates a view that an atonuo eom\ftnauati \wv«a '^ifc- 
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tween these diverse particles, causing to the satunted air a diait^ 
ter of humidity. This character he belieyes to be imparted to the air 
by actual contact only with the source of vapor, and not by any tn» 
fer of the particles of vapor among the particles of air. 

NEW FACTS IN RE'JARD TO SOAP-BUBBLES. 

In a recent communication to the French Academy, M. Felix PW 
teau, the younger, states that having been reauosted by hb father to 
throw away a liquid of a bad quality which nad been employed to 
produce films, he cndeavon^<i to make it form a sheet of liquid in ib 
descent, when to his surprise it took on the shape of a hu^ babble, 
and fell slowly. lie repeated the experiment a good many Umes wilb 
aoap-suds, and sometimes succeeded in making as manv as tAub 
bubbles at a time. He recommends a hemisjiherical vessel about five 
inches diameter, holding a considerable quantity of the fluid, whick 
should be thrown at an angle of forty-five degrees with the horizon, 
and have a spinning motion communicated to it. ^*In this cxptt^ 
iment," says M. Plateau, ^^ my father sees an argument in support of the 
vesicular state of the vapors in clouds. In fact, one of the prindnil 
objections urged against this hypothesis consists in the impoaubiutf 
of conceiving how the molecules of the vapor could, whilst it wii 
passing to the liquid state, aggregate togt^ther so as to form enTel- 
opos enclosing air. Now, we sec that such an aggregation in ckMed 
envelopes is not immediately necessary ; it is sufficient that the mole- 
cules of water should unite in open slieets of any figures and cumr 
turcs ; each of these lamellsc will immediately close so as to give rise 
to a vesicle. Doubtless the character of these lamellsB is itself nOt 
easily conceived ; but it appears at least much more admiflsible thaa 
the entire formation of the vesicles." 

At a recent meeting of the Royal Society, London, Dr. Frankland 
exhibited a series of very bcciutiiul experiments devised bv M. Flar 
teau, designed to show the optical and mechanical properties of thia 
films. The films are obtained by means of a solution of one part of 
pure oleatc of soda in fifty of water; three parts of this soIutioB 
are then mixed with two parts of glycerine. The liquid thus obtained 
is capable of being blown, by means of a common tobacc<>jMpe, into 
bubbles of a very mrge size and great permanency. Dr. frankland 
stated that he had succeeded, by means of a blow-pipe beUows, in 
obtainino[ a bubble nearly nineteen inches in diameter. When in- 
flated with air these bubbles oflen last more than twenty^bur hours; 
but when the breath is employed, the oleate of soda is slowly acted 
on by the carbonic acid expired, and their duration is limited to three 
or four hours. 

A series of these bubbles, about six inches in diameter, were 
placed on a number of glass rings situated in a lino, and on a ray of 
light from the electric lamp being transmitted through the seriee, 
their beautiful iridescent colors were developed in the most magniit 
cent manner. 

Other bubbles were inflated with a mixture of eight parts of air 
and one part of coal gas, which, Viy ovv;Tcom\\\^ \.\\^ is^^ififi ^^vity 
of '^bo lilm, enabled the bubb\es to iVo;il m vW ;N.Vxcy»&\^&ssc^ w^^i^Nb 



t« wafted by the sL'ghteat current, ThB tenacity of t.te film was 
shown by allowing drops of water to fall through the bubbles, which 
could be aci^amplished without breaking tlipni. 

By dipping small wire cages, farming the outlines of geometric&l 
Boliib, into the mixture of ofeate of soda atid glycerine, plane fihue 
were produced intersecting each other in Tarioua directions in the 
interior of the wire frames. Many of thcao offered very remarkable 
geometrical combinations; the wire outline of a tetrahedron, for 
example, on being withdrawn fixiin the Bolution, was shown to contaia 
eix tiiangular films, all meeting at the centre of the Qgure. 

EUTTAN'S '■EXHAUSTION" PRINCIPLE OF VEKTILATION. 

Mr. Henry Ruttau has recently pobtisbed in New Toii a work 
desened to illustrate a pct^uliar system of warming and ventilating 
dwellinn;?, upon what the author calls " the exhaustion principle, 
and wluch it is claimed has been applied with success ou raihixul 

On the subject of heating dinercnt houses, Mr. Ivtittan stAtcs that 
the difference of locality and size of different apni'tments in bouses 
is Eo great that it i^ uttt'.rly impossible to lay down any rule in the 
generation nf bfnt, hut lie gives the following advice, as derived from 
eiperiment, rcsjiciiin^ tlic heating of rooms in relaLion to their depth 
between the CL'din<; iind floor. He says: "People are generally im- 
prewed with the iiJca that it is the ground ares, or lateral measure- 
ment of a room, by which they are to be guided in nrran^ng for its 
wanmng, but this is not correct ; it is the height by which diey should 
be chiefly governed. When I tell you that it takes about double the 
quantity of fuel to warm a room twelve feet high that it takes to 
bring one of the same lateral measurement and ten feet high to the 
■^aoic temperature, you may be surprised, yet this is a fact which I 
bsve proved by many experiments." In another place he says : 
" We must have no rooms over ten feet high, and nine feet would be 
better, except in the cases of churches and theatres, where special 
provision ia made for warming. I know there wilt be strong opposi- 
lion to any such proposition, for hitherto high ceilings have Men 
looked upon as a sort of substitute for ventilation, and as the need 
of ventilation was felt more in cities than in the toantry, the cwlinga 
of apartments wen? made Iiiglicr there, and Irom this it has grown 
iolft tiie fashion. But if thorough ventilation can be secured, the 
Ifreat advantano a low ceiling pussesscs over a high one in the saving 
nf fuel, as well as in the rajiidity of a change of air, will, I think, 
Ki'liice those people who are governed by common sense to adopt it 
That this thorough ventilation can be secured, there ia not a shadow 
._.(■ doubt." 

As it respects the forma of hot-air furnaces, Mr. Ruttau asserts 
that thoee maDufactorers who increase the heating surtace of their 
productions by pipes, corrugated, or otherwise, act upon unphilosoph- 
icsl princiiilea. The best shape of an "air-warmer" for biuldinga, he 

" is lliat wliich pri'Sf'uta the greatest Buriote Xa the tentfft ot fla^ 

nd that being ^'lobular, this is 1\k Vorai Mniat, littuivt-nt aaA 
-" ' al&r wai-miag /lOuses by aif." Aud Vo suw up Oci-a opeslrasi& 
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of heatJDgf he says : " If wo want onr houses wanned and Tentilated 
we must supply a brisk and easy flowing body of air. The air should 
pass out or the room at about sixty degrees temperature, and this 
will make it necessary to take it from the * air^warmer ' at ninety or 
one hundred degrees in an onlinary winter's day, and with an ordi- 
nary sized house, say forty feet square. In a very cold day, when the 
air is liable to lose its heat much faster from the increased cool- 
ing of the walls, the warm air should Ik* bnnight in at a somewhat 
higher temperature. There is a gn»at advantage in being able to 
biing in the warm air at that comparatively low temperature, as 
thereby all danger of injuring it by overheating (as is oAen the case 
with hot-air furnaces) is pn.»vented." 

By the common mocle of heating and ventilating buildings by 
means of hot-air apparatuses, the cold air is taken in from below and 
the warm air let out above. In clmrchcs, houses, and other building 
the furnace or heater is placed in the basement, and the warm air 
is conducted upward through openings in the floors. By this s^'stem^ 
the upper stratum of air in rooms is friHiuently too warm, while thb 
stratum near the floor is (juite cold. As the feet of persons are most 
liable to become cold, it is more necessarj- to have warm floors thaa 
ceilings to obtain the greatest amount of comfort. By the Ruttaa 
system this is secured in a peculiar manner, which may be called the 
inverted siphon method. To give a general idea of it, suppose thew 
are three rooms placed above one another, and that the two upper 
ones have floors laid with an open space of a few inches wide extend- 
ing along their sides. A chimney or shafV extends from the base- 
ment in the usual manner, but has only one opening inside, and that 
is upon the lower room floor. Tliis opening is covered with a elid- 
ing door, and no air can get to the outside except by passing throng^ 
this door and up to tlie top of the cliimney. jN'ow, supposing warn 
air is admitted from the heater by openings in the ceiling of the npper 
room (the very reverse of the common method), no current wifl be 
produced while the door of the chimney in the lower space or apart- 
ment is shut; but whenever this is opened the warm air pressBl 
downward, passing tln-oiigh the spa<'cs along the sides of the floonT 
then througn the opening in the cliimney, and up thence to the 
atmosphere outside. By this ingenious method a natural draught is 
produced; the warm air is taken in fi-om alwve, carried down throush | 
the floors, and fi*om thence outside, sweeping all the foul air with it 
It will be understo(Kl that wanii fresh air is admitted constantly from 
above. Wlien air is heated in a room to 75.4G degrees above that of 
the atmosphere outside, its pressure is increased two pounds on the 
square inch. AVe may judge fi-om this of the expansive force which 
it possessi's to i)roduce a downward draught through rooms to the 
opening in the shatl below, thence to escape into the atmosphere 
By this method of heating and ventilating, the stratum of air near 
the floors of apartments is maintained at the same temperature as 
that near the ceilings, and indeed tin? temperature in every part of 
the nx)m will be nearly unifonn. In apartments constructed to carry 
out this sYstiymy the floors, which ai-e laid with an open space of a 

few inches along the sides, have a ywr^OT^AftsV '-''"Vi^aaRAwwA^ "^Vvk 

may be of iron and of an omaineutaY cViarafcVfcT. 
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KOTES ON CA.LOKIFIC FHENOUENA. 



T1)D following \a an abstract of a paper retul before tka Manc!iesCi?r 
PliilosopluL-al SoL-wty hy Mr. .J. C. Djer: — 

Tbe aritlior slalL'a that tliu es»ence» of mattor, their nuinber and 
'III >r Ibnua, are only known lo us by tbeir obscrvuil prop<?nies and 
iMiUiUona ; lliat contUcliDi; theories on pliysica arise from the voHous 
iLii'-rpnetationagiren to Uiu same phenomena; and it' unabk torecon- 
iiiii micb diSercnves, fiirthur inquiry, with that viow, may not bu im- 
proper, whilst the lawB of nature rest on debatablu f^iuda. Thst 
practically nuUttr, lu its a^lirej^tc, h found lo consist of two aorta 
or cloffiM. — ^the "pondcraUe" and the "imponderable," — grav- 
ity anil elasticity Krving lo distinguish their respective inhorent 
inpeniea. That as no tests of weight or measure can apply 
to Uu latter, its mutations and action on other bodies axe the sole 
mans we have of Ibrming any judgment coni.'eniing its agency 
b Uie laboratory of nature That the calorific element, or iieal, u 
mun^d (o be the oite " mle imponderable element which pervades 
natter and apace throughout the universe," and il cooslilutes the 
(laftic furi'ea reacting upon and balancing the gravitating Ibrcca in 
ill other budies. This tlemenlal ilale of heat must bu taken as 
'^iAinct from its other three states of sensible, radiating, and specific 
roiiuuonly rcco^^nizcd. That elemental heat b acted upon by 
chemical forces, and the changes which it undergoes 
'iiu tuc one to the other eouditions of heat give rise to at- 
imKpiierical phenomena, known as electrical, magnetic, and optical, 
at alao tu the entire range of metvorcdo^col changes, as set forth Id 
tha paper. Thai, by the meoliaoical forces of the earth's motion 
B its orbit and lUurnal rotation acting upon the elemental medium, 
itt equitibrium is disturbed, and motions generated which afford ra- 
tiDUal explaundons of the luminous and ordinary clecti'icnl and ma^ 
iHtieal i-onilitioas of the atmosphere, as indicated by tlitir respective 
nctcors. That, by the action of chemical forces, great mutabona of 
heat ani coutinuaUy gun^ on; for example, the heat whjcb on a vait 
*■' Jx atxiunds in vaiior is given out as clouds are formed, and sc- 
i»iiits for the positlvii anil negative electricity, and also, when 
' lUindnnt, lor lightning front thunder-clouds As much heat is 
■ iilvnl hIhh-o tlio clouds, where cold jirevaiLs it must become ele- 
- < '' "' tii'uiral thcrci and justJGes the inference that it is identic^ 
■ '.'■Irio lluitl. as aboTu said. That electricity and magnct- 
I dir(irw actions of one elemi^nt, has been proved, and 
I ■>ii matter proves ihi'ir niatcriality. The mochauical aad 
' ni>n of light pruves its materiality also; and that light and 
.: !iri' lilcutical lias been cluarly eatnlilishcd. The plurality of 
ii^'indcrable elfrmeol* is, therefore, disprovnd by the titct thnt uiuto- 
■»■■• of the one element fully sccciuut for all of the plienouiena 
lil'iiii'l I'] Huveral. The gruvit^tiii;^ and elaslio jirojiei'tics of 
I liiulotJicir statical and moving forcin, forever balancing 
The fbmicr of lhe«o forei^ would TOUaolidate tlie tnato- 
I ■ with llghtniitg »pt!ed," but for the njuction *rf tVw laJMa 
,(,,.,11 y iw reiuoa why tho Ibrec of gravvl^ sWaNAWw 
I vUabtlalivJ iiws of falling Ijulks, cxecv^ ftiM. e ^ 
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has shown the velocities actually attained by them in vacua. But 
this vacuum is the absence of air onlf/, not that of the **• elastic me* 
dium ; " and it is this that holds the poise of matter throoghoat iUim 
itable space. 

NEW APPLICATION OF THE THERMOMETER. 

Every one accustomed to the use of the thermometer mnst be 
&miliar with the fact that it gives no account of the effects of variooi 
temperatures, draughts, and damp upon the sensations. During one 
of Mr. Glaisher*8 recent balloon ascensions a temperature of seven- 
teen degrees was felt to be warm^ because the voyagers had just quit- 
ted a region where the instrument registered some degrees below zero. 
So in leaving a room heated to eighty or ninety degrees, a temperature 
of sixty degrees will be felt to be cold. It is one of the advantages of 
the thermometer that it has no sensations, yet it would be an advan- 
tage if we could sometimes use it to measure the magnitude of those 
influences which affect sensation as to heat and cold, and the mode of 
so using it is very simple. A few years since Dr. Jonathan Osborne 
communicated to the British Association some experiments on the ose 
of a healed thermometer as a means of instructing the physician as to 
the influence of climate on health, but the subject was neglected, and 
he has again called attention to it in an essay on the subject in the 
Dublin Journal of Medical Science. One use of the heated thermom- 
eter is to explain the difft'ronce observed in the effect on invalids of 
climates havmg similar thermometrical characteristics. Thus the 
western coast of Ireland has a mild and genial climate if tested by 
the thermometer only, yet the trees are stunted in their growth by 
the constant wind blowing from the Atlantic, and invalids do not 
reap such advantages from a residence there as would be predicated 
by trusting to the thermometer only. 80, during a severe frost, if 
the air is still, the cold is not much felt, but if there, is a moderate 
breeze or a gale, even with a moderate rise of the thermometer, the 
sensation of cold is keenly felt, and, in point of fact, as regards he2|lth 
and comfort, the temperature is lower, though the thermometer says 
differently. The author thus describes the principle on which the 
use of the heated thermometer depends : — ** The bulb being heated 
up to ninety degrees Fahrenheit, represents the heat of the sui^ 
face of the human body ; when in this state it is exposed to a cooler 
medium, whether air or water, or mixture of l)oth, as moist air, and 
allowed to cool to eighty degrc(»s Falir. ; the time for cooling these 
ten degrees represents (mvei-sely) the cooling jx>wer exerted by that 
medium, whatever it may bo, or however applied. Tliis cooling 
power is derived from other agencies l:»esides difference of tempera- 
ture, as from radiation of the neiglil)oriiig objerti*, conducting power 
of the surrounding niedlimi, and uion> esmvially from currents caus- 
ing various proportions of it to Ix* l)roiight into conta^'t with the heated 
body within a given time. Now, these agc^ncies have their combined 
results exhibited in the degree of rapidity with which the cooling is 
effected. Platred, as we are, in a medium, with few exceptions, always 
below eighty degrees, we arc eonslax\t\y w.w<YeT^\\i^ ^ \jwsRsssa ^^ ^xsS^ 
iog' In our ordinary clothing "wo fceV yMX <iOTsaSKsr\a5E\^ A ^!fc.\ "^ 



NATtTBAI. pniLOSOPBY. 151 

!«M mdnora; but ithen expoaed to a cturent of air, even at tbe 
a tMnpenlUTc. wc feel cold in pniportioD to the force of tbe cur- 
, or in praponiun to thu I'OtiJucting power imparted to it by in- 
■ed mai!lur«. llutb tbcso aru agencies of nbich tbc lbi^mlamettw 
a no nrOticB. Ila indications arc fumisbed by the contracdona or 
I of a fluid, wbetber lucrcnry or epirit, wbich always muu- 
■uno temperaturo as tbe Burrounding mcdiuni, and accom- 
» itEcIf to tbvn; L'ban»(.'s b^ altLiiiig its own density in the 
taxae proportion, lie living animal, on tbc contrary, an alwayi 
tnainlainin^ a Icmperaturi; of its own, and aa constantly remsdng 
oiXfliii;; a^i^ndoe, is not to be conadcrcil as passively submitting, like 
thi.' Iliiid of tbe tbenuomcler in its ordinary alati;. When beated to 
ttint'ly dcgrtcB Fabrt'iibeit, that beln^ nearly tbe tcmpuraturo of tha 
Mirfai-c of our bodies — in the rapidity nitb which it h cooled, do- 
punding on the laten^ty of tius cooling influences, it furnishes on 
loclrs to ibeir comlnne<l efiecL It does not depict the force of aaj 
ODD of tbu ooolisg iuducnues taken singly, but ^ves tbe sum of tbem 
all wting umulianGDUHly." The facts dlustraied by tbe heated ther- 
momeier are at leaat six in nomber, according to tbe experiments bilh- 
Btai performed by Dr. Oabome. It shows tbo fonducting fiower of tir 
ml wntvr ; the cooling elTccts of currents of ur and water ; the eflecl 
of wind in moUog the body and all other objects of a higher lempurai- 
(BK Ibwi itaclf; the refrigerating elTecl ol air admitted into apart- 
■eats; the degree of heat derived from fires in rooms aa comporeii 
iridt tW cooling offeet of currents ruslung towards tlie fire ; and the 
mM and heat of climatt^ as actually lelt by human beinsR. It is 
eridcnt that a heated thunuometer is capable of niauy useful appli- 

Xew iiarcmrler. — Bannnetcra, of the size of a Geneva watch, and 
Waigbing but two and a quarter ounces, have recently bven tntro- 
AkkL Their accuracy is guaranteed to be fully equal to Other 
a general use, and tbe price is £ J 1 Os. 
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following is the substance of a paper on the above nibject 
Itly presented to the French Academy of Sciences by M. Man- 
— It results from the admirable experiments of M. Dufour, 
the tutnperatun.' of water ma^, under cert^o larcumstancM, be 



) ira" Cent. { 
"Tbesit cireiinwtanees n 
_«aM«I, and insulation from contact with tlic air. Ebullitioo is pn>- 
i bj contact with a solid, that is, by the diotiirbence of tlie i&ole- 
r equilibrium, ami tlierc is llicn n siulilen evolution of stcotn. 
UtbeltM, every solid roiitJU't in not e<|ually eOicicnt la prudndDg 
> change of Male, and it results from lliu experimculs of M. DuCnir 
t i>ii!uiioo Irom cuntaet with the vessel is not abnilutely nncesMi^ 
r.ji- ill ■ |.ro"luetion of thn phenomenon. Wbot appears to be ' "' 
[H'liH.il l<* U Ibut the water shall be deprived of air, that ibe Ope 
«1mJJ Im named oa ^wly,aai thai ike builAiV ta 
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liminaries, let us see how the explosions called fulminating are to be 
explained. 

These explosions take place only when the machine haa been for m 
greater or less lime at rest, and generally at the moment when thej 
are about to resume the movement of the machine, and the boiler hw 
its complete auietness gives no indication of the event. It if enoagh 
to open the tnrottle-vsave, or one of the ^uge -cocks, or the door of 
the furnace or ash-pit, or, in fact, any disturbance of the nnstable 
equilibrium which has been established, to decide the catastrophe. It 
has also been remarked that, before the explosion, the pressure in 
the boiler is rather low than high. What, then, has taken place ? 

When the machine was stopped, the pumps were also stopped; 
the furnace and ash-pit doors were closed, as were all the escapes for 
steam or water. The ebullition continued, the safety-valve acted, 
and the water which had recently been pumped in was pui^ged from 
air. Then, when the acti\nty of the fire had fallen sumciently, the 
valve fell into its seat, and the apparatus assumed a state of repose. 
If the atmosphere was calm, the drafl null, and the escapes of water 
and steam hermetically closed, the apparatus (allow me to use the 
figure) has gone to sleep, and the molecules of water being at rest, 
the temperature has gradually been raised to a point notably above 
that of evaporation under the existing pressure. As the water pro- 
duces no steam, that pressure may be and may keep below that necet* 
aary for the action of the safety-valve. Things being in this condi* 
taon, let any cause whatever disturb the equiliorium of the molecules, 
and all the heat stored up in the liquid mass is instantly employed in 
producing an enormous volume of steam, while the mass of water not 
evaporated falls to the temperature corresponding to its pressure. 

Figures will easily account for the violence of the explosion which 
takes place. Let us suppose, in fact, that the pressure in the boiler, 
before the explosion, was four atmospheres, ana that the temperature, 
in the quiescent state of the water, was only 1 70^ Cent (338^ ^'^'i 
As at four atmospheres the temperature of the water and steam is 146^ 
Cent (293^ Fah.), each kilogramme of water in the boiler contains 
25 units of heat above its normal quantity. Therefore, the moment ' 
this heat was liberated, it must have converted into steam 

_25 

60G.5-I-0.305X145— 145* 

or nearly -^th of a kilogramme of water ; that is, about one-twentieth 
of the mass of water in the boiler was suddenly converted into steam. 
Now, if we suppose that the volume of water in the boiler was 
double that of the steam, a quantity of water equal to one-tenth of 
the volume of the steam is suddenly vaporized ; and as, at a pressure 
of four atmospheres, one volume of water produces four hnnored and 
seventy-seven volumes of steam, the volume of the steam will be in- 
creased forty-sevun times, and the pressure will be one hundred and 
eiffhty-eight atmospheres. It will be conceived that against snch 
\crations of steam the safety-valves arc of no effect, and that the 
>sions are really fulminating. 

h manner of looking at the p\ionQim<^iiOTi\«ati^ Va V>Ei^ voi^ggsi^Tk 
iO following precautions: to prevent iW torpoT c^ ^^-v^^ax^Vx 
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t)i(^ boiler be w srranged that there shall be a constant circulation 
'i-ij)t up by the difference of temperatures of different parts. A 

'..'ODd jirecautJoD easily taken is never to close a boiler when at rest, 
hiTinrtJi^oIly, but to keep the safety-Talve sligbtly raised, or a eteam- 

'A-k a little open, so that a small quantity of steam may alirays be 

RADIATION AND ABSORPTION. 

The following note, addressed to Sir John Herschel by Professor 
Tyndall, is publuhed in the London 3leclianici' Maqaiine : ~~ I have 
beec for some time experimenting on the permeability of our atmos- 
pberv to radiant lient, and have arrived at the eonelusion that trae 
Mr, tliat id to say, the mixture of oxygen and nitrogen which forms 
lUi" body of our atmosphere, is, as reeardB the transmission of radiant 
i.'Ht, a practical vai'unm. Tlie results from which tlie opacity of air 
fi.L< bcvii inferred are all to be ascribed to the extraneous matters 
liHusedin the atmoitplicre, and munly to the aqueous vapor. The 
'ii'Siti»e results reeeutly obtained by that eminent experimenter, 
I'rMfessor Magnus, of Berlin, have induced me to re-investigate this 
j'lint; and the experiments which I have made not only establish 
III' action of aqueous vapor, but prove this action to be compara- 
im-ly enonuous. Here la a typical case: — On the 10th of this 
mnntli, 1 found the absorptive action of the common air of our labo- 
rMary to be made up of three components, the &ral of which, due to 
the pure air, was represented in magnitude by the number one; the 
wvoiid, due lo the transparent aqueous vapor, was represented by the 
number forty ; while the third, due to the effluiia of the locality and 
the earbonic acid of the air, was repreianted by tbo number twenty- 
seivu. The total action of its foreigu constituents on the day in ques- 
tion was certainly sixty-seven times that of the atmosphere itself; 
while tbe aqueous va]>or alone exerted an action at least forty times 
that of the air. 

1 have also to communicate to you some results of lunar radiation 
which conuect themselves with your speculations. On the IBth of 
October, isei, I made a series of observations on the moon, from 
the roof of the Boyal Institutaon. From «s concurrent experiments, 
I was compelled to infer that my thermo-electric pile lost more heat 
when presented to the moon than when turned to any other portion 
of the tieavuns of the same altitude. The effect was equivalent to n 
radiation of cold from our satellite. I was quite unprepared for this 
moult, which, however, you will at once perceive may be an imme- 
diate consequence of the moon's htaL On the evening in question, a 
f.iint halo which surrounded the moon, and which was only viidblo 
»]irii xoijglit tor, showed that a small quantity of precipitated vapor 
\v.i> »il<>.\r iu the atmosphere. Such precipitated particles, in virtue 
i>r iLi'li' midtitndinous reflections, constitute a powerful screen to 
iiili:iM'|,[ till- terrestrial rays, and any agency that removes them and 
-oatabliilii-* the optical continuity of the almosphere must asMst the 
•-~- — '— • *■ * '-■-' *— -• ' I think it may bo aflinnod that no 



D of terrestrial hont.' 
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sensible quantity of the obscure heat of the moon, which, whoa the it 
full, probably constitutes a large proportion of the total heat emitted 
in the direction of the earth, reaches us. This heat it entirely ab- 
sorbed in our atmosphere ; and on the evening in question it was in 
part applied to evaporate the precipitated particles, hence to ang- 
ment the transparency of the air round the moon, and thus to open a 
door in that direction for the escape of heat from the face of my pile. 
The instrument, I may remark, was furnished with a conical reflec- 
tor, the angular area of which was very many times that of the moon 
itself. 

In a paper recently communicated to the Royal Society, Prc^estor 
liyndalt has detailed the results of some additional inyestieationt 
on the absorption of heat by gases and vapors. The absorption of 
radiant heat by atmosplieric air in a short tube, and at a tension of 
thirty inches, being taten as 1 ; chlorine would be 36 ; hydrochloric 
acid, 62; carbonic acid, 00; sulphuretted hydrogen, 390; defiant 
gas, 970; ammonia, lAOr*. The absorption of radiant heat by vapors 
was also found to be very considerable, and even small quantities of 
perfumes, when diffused through common air, increase its power of 
arresting heat to an extraordinary degree : thus the absorptive power 
of air charged witli the perfume of patchouli is thirty times greater 
than that of pure air ; lavender increases the power to sixty timet, 
and aniseed three hundred and seventy-two times the natural amount ; 
hence the perfume arising from a bed of flowers increases the tem- 
perature 01 the air around them by rendering it more absorptive of 
radiant solar heat. TIic vapor of water, when present, increases the 
absorption of heat by the air in a very extraordinary degree. Dr. 
Tyndall infers that as the amount of vapor diminishes rapidly at a 
distance from the earth's surfat-e, the sun's rays are not sensibly ai^ 
rested until they rccich our attnosphere, but that, on the other hand, 
the heat of the earth is prevented from being radiated into the free 
space and lost, by the existence of vapor in the air ; and owing to 
the influence of this action, he tliinks that even those planets most 
distant from the sun may have a temperature sufficiently high to 
render them inhabitable. 

^ Radiation of Heat at Night. — About the period of sunset, pro- 
vided the sky l)e clear, the temperature of the air in contact with the 
earth's surface is cooler than that of the atmosphere at a certain 
height above the ground. This is attributable to the gradual cooling 
of the earth's surface, arising from the nocturnal radiation of the 
heat into empty space. Tlie cooling of the surface of the earth nat- 
urally gives rise to a corresponding diminution of the temperature of 
the stratum of air in its immediate vicinity ; the effect is commu- 
nicated to the stratum above, though naturally in a less degree, and 
so on from one stratum to another, until a' height be attained at 
which the temperature of the atmosphere is found to be equal to 
that of the stratum of air in contact with the earth. Prof. Marcet 

densed to a liquid Bholl cnvclopinjr tho cnrth, the experiments of KcUoni would 

lead U8to conclurlo that kucIi a shi'H wouhl coinplotoly intercept the obscure tir- 

-♦rlal rays. And if the vapor b«? cmially enopjjftlc, our Htmosphere would pro- 

the direct traORnifHHiou of the obscure Xwat of \Vv<^ f^nxWvNxAA vo»fiA. ^>&>3d&.\ 

^ bowQverf I wisli to make sonic furl\\er obiexvitWoxift. 
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I Oi'tobcr last made a aeriee of obscrvatioiiB ou tlio Litkc of G«- 
neva (o oaocrCaia whetber the cfieirta of nocturnal radiation, tnnd- 
iag to pnHfun: a gradual increase of temperature on ascending above 
tbo eartb's surface, arp entirely dencnaunt on tho radiation of the 
auul, properly » called, or whcLhcr they are equally perce^ble 
■re * Urge sheet of water. 

ffillt tncrcurinl thennometcra capable of ehoving a tenth part of 
B (Centigrade), the tcmperaturu of the air at three inches, 
t, and fifteen feet above tlic suiface of the lake woa cxanuned, 
t obavrrationB being made at the distance of about nix hundred 
yard* tn>m the land during exceptionally fine ireather. Compara- 
tive ohservntioQs trere mudu at the saniG moment on the borders of 
the lake vitbin a few ft»t of tho wal^-r, and in tbo centre of a larse 
<"-['! about nsven hundred yards from the lake. Tlie average reBoIta 
if these otwenMions arc ^ven in the following tabic, the tcnipera- 
uire being expressed in Cealjgrade degrees: — 



_.. I tliese observations JIarcet draws the following eoneloiioiu: 
I. Tho eradual increase of tcmpcralure occurring on ascending 
through &t lower strata of the atmosphere, wbieh appears eon- 
•tantly to prevail on land aliout oud allcr suiiset, is not apparent 
■boTie a large surt'acc of water- 2. The immediate vicinity of a 
I Aect of water ts sufficient to modify to a considerable ex- 
I Um efiects of the nocturnal radiation of the earth, and therc- 
" ' diminish tlie incrfaso of temperature observed under 

J (srtiunstauccs on ascending above the sur&ce of the ground. 

■A fttiking difference (amounting to between two and three Ccnti- 
'e degree^ is constantly observed between the temperature ol" (bo 
' lero a few f»et above the ground, and that of the air at the 
ight above a Urge sheet of water. 

BPIKHKIC HKAT AND CHEMICAL (MMCrNATION. 

1 late mectinz of the Ijondou Chemical Society, a paper woi 
CCBIinnnicat«(I by Mr. J. CroU, on the aliove subject, of which the 
^^ iwing is the substance : — 

" — alludiuo; to the oninion genrrally helil witli reference to the 
of eompounus. com|iared with ihal of tbar component 
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Mly, that 
I tbe resulting compound 

' M was increased, he stnti-il that he liiul Ibuni 
; for that the spceific heat of cuuinouuil giL-iea anil lujuld* wa* 
" less, and that vf nolids more, lliaii tliat of their (^Hoponont 

.. A table of the syiecifli; bent of dini-reut IxiJiM had boun 

drawn up, {mat whii'b it apixuircd tli.it out of luncly-fbur solid eooi- 
poundi, the BiNK'ific hunt of uxtf-slx luul bi-en lucreaticd, ami of 
twenty-c/^lit dimiiihihal, by vorobmuttou; oul ot We^Vj-nn^ 
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while out of thirty-three liquids there was an increase in twelve, 
and a decrease in twcntv-one cases. In fourteen cases the specific 
heat increased during tiie passage of the substance fixxn the eas- 
eous to the liquid state, and it was reduced in eleven cases wbSkb 
changing from liquid to solid. From this it was probaUe that the 
increase in the specific heat of a compound solid body above that 
of its elements did not depend simply on its being solid^ bat, on 
the contrary, that it was solid because its specific heat exceeded 
that of its elements. The following considerations would perhajs 
throw some light on the subject: When any substance is heated, 
part of the heat is expended in producing expansion, and the other 
part in raising the temperature, and the sum of these two is equal 
to the specific heat. It a gas, confined under a constant pressorey 
is heated, it will be found to have a greater specific heat than if its 
volume be constant, the reason being that in the fonner case soone of 
the heat is absorbed in producing expansion ; for the heat cannot do 
two things at the same time, and that which produces the expansion 
cannot ancct the thermometer. When heat is applied to a mass of 
ice, the temperature rises to thirty-two degrees, and then becomes 
stationary ; this is the result of the difference in resistance that the 
heat experiences at the two outlets, the crreatest amount passing to 
that at which there is least resistance, llence the molecular force 
of a solid body must diminish as the temperature rises ; at thirty-two 
degrees the molecular force of ice cannot overcome the repulsive 
force. On heating a gas, there is no loss from molecular influences, 
but with a solid, part of the heat is taken up in producing molecu- 
lar changes, and, therefore, the less heat a solid contains, the more 
does it resemble a gas in this respect, the specific heat increasing 
with the rise of temperature ; from which it follows that the higher 
the melting ]X)int of a solid the less is the specific heat, which is ex- 
perimentally found to be the case. In those cases of combination in 
which a change in one of the elements from a solid to a fluid state, or 
the contrary', took place, a change in the specific heat of the result- 
ing compound could be accounted for. On the whole, it would 
appear that the (changes in the specific heat of bodies that occurred 
during combination were due not only to chemical action, but also 
to molecular changes; the real specific heat of an atom remaining 
probably the same under all conditions. 

IMPBOVKMENT IN THE OXYHYDROGEN LIGHT. 

At a reccfht meeting of the Manchester Philosophical Society, Mr. 
Alfred Fryer stated that ho had recently been making a series of 
experiments with the oxyhydrogen Iight,'with a view to determine 
what substance made incandes<!ent produced the greatest amount 
of light. He operated on various salts of calcium, magnesium, stron- 
tium, barium, and also upon some other substances. The best results 
were obtained from maj^iesiuni. The sulphate of magnesia, when 
baked, yielded a bright hght, but was decomposed by the heat ; and 
the sulphurous acid escaping was very unpleasant Calcined mag^ 
•»«ffla succecflcO the best of all*, but wheu Si^i \*w!dftT '«!«^ MSK^the 

m blew it away. When t\\c \)ovrdeT vf^^a xoA:s.vi(i V\\\v^^\ct^«aftk 
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afterward dried, the cake was friable; and whcA the dry |X)wdcr 
was pressed into a mould by means of hydraulic pressure, the cake 
^)lit up into lominflB when subjected to the gases. Afler many expc^r- 
iments with the materials in different proportions, it was found that 
nlphate of lime one part, and calcined magnesia two parts, mixed 
with water and moulued into a cake and dried, produced tlie best 
TCSolta. This, howeyer, is not all that could be desired, as in time 
ihe cako becomes cnu*ked and fissured by the gas. The illumin- 
ating power is to that of lime, pressure and yolume of gas being 
equal, as fifty-four is to twenty-seyen. 

BURNING GUNPOWDER IN VACUO. 

M. Bianchi, of Paris, has recently exhibit(?d before the French 
Academy some curious experiments on the combustion of gimpowdcr 
in a vacuum. He found tiiat this substance, and aUo the iuhni nates, 
bnmt quickly if loose in cin exhausted yessel, and suddenly brought 
to a temperature exceeding 2,000°. If, however, the jwwdcr was 
placed, under similar circumstances, in a pistol, it inllamcd with the 
suddenness exhibited in the air. Gun-<.'Otton slowly disapiK'arc<1, 
the layer nearest the source of heat going first, but without the nix)- 
duction of any light. In all theses cases the proihurts of combus- 
tion were the same as in air. Combustion also took place in nilix>- 
gen, carbonic acid, and other gases wliich do not su])port it, and there 
was little diminution of the onlinar}- rapidity of the process. 

EFFECTS OF FROST ON IRON. 

Mr. David Kirkaldy, of Glasgow, in a recently published work de- 
tailing his experiments in testing the strength of iron and steel, also 
descnbes some experiments to test the cllects of Irost upon metal. 
A bar of Glasgow best bar iron, of three -ibui*t lis of an inch diameter, 
was fbi^ged into ten bolts, and six of them were exjvised all niiriit to 
intense front in the month of December, 18G0, then tested next uiorn- 
inff, when the thermometer stood at twenty-three dcgn'cs Fall. The 
otScr four bolts were kept warm all night, and protect(^l during test- 
ing. Tliree of the ten !x)lts were tested with gradual, and seven of 
them with sudden strains. With gni<hial strains the l)olts exposed to 
fnet gave way with .54,385 fwunds strain ; the unfrozen bolts stood a 
strain of 55,717 pounds, — a dilleivnee of 2.3 per cent, in favor of 
the latter. When submitted to sudden strains, the difference was 
9.6 per cent, in favor of the unfrozen bolts. 

UEASURING DISTANCES HY THE TELESCOPE. 

At a recent mec^ting of the Ty>n<l()n Institution of Civil Engineers, 
Mr. W. Bray gave the tbllowing description of an arrangement for 
measuring cJistances by the telescope: — lie Ibund that it was con- 
venient to have two distinct hairs on the diaphragm of Irlie level — 
one about three-twentieths of an inch almve the level hair, and the 
other as much below, so as to read one i(K)t on the staff at one chain, 
and ten fot't at ton rhn'ws. Since, however, \u ^oewswv* V\\\i \\\A.v>\- 
weiat toaajr object it ^Y:^s necessiirv to brlujz l\\e v:yv)ja Wvc* \\\Vft «ai2^ 
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now focus, which was proportionally further from the object-glass as 
the object was nearer, tlie angle which the hairs subtend^ mm tho 
centre of tho object^laas must be variable, diminishing as the dis- 
tance was diminished. Hence a correction was necessary, and this 
the theory of refraction by lenses furnished. It showed that tbe error 
was constant at all distances, amounting in every case to the ftcal 
length of the object-glass for parallel rays. This constant was to be 
added in reading tho staff, by bringing the lower cross hair near any 
even division of feet, but exai'tly two-hundredths of a foot above it, 
corresponding with the two links from the centre of the instnmient to 
the anterior ibcus, in tho casos of a five-inch theodolite and ten-inch 
level. Then, by reading tho upi)or distance hair, and deducting the 
even number of feet at the lower hair, the difference was the distance 
in chains and links. If tho compass was sufficiently delicate, any 
operation of contouring, or running trial levels, could bo performed 
with rapidity and accuracy. When provided with the two distance 
hairs, tho level of tho prouiid could 1k' taken above and below tbe 
ordinary range of tho instrument. Tho use of these distance hairs 
for eighteen years had ])rovo(l their practical value. In taking the 
widths of rivers or (loop ravines, distances of twenty chains had been 
read in favorable woatlior ; and when tho hairs were accurately fixed 
on the diciphragm, thov might bo used for even fractions of a link, in 
taking widths incai)al.)lo of direct moasuroment. 

When applied to a theodolite, thoy could be used for measuring 
distances on sloping ground. But in that case, since the lino of mght 
was no longer por[)ondicular to tho st^iff, a corr(»ction was nccessaiy, 
for which a table was given, showing tho an^^les of elevation of the 
various heights, which wore simple fractional parts of the horizontal 
distance. When the horizontal distance to the staff had been ascer- 
tained, the theodolite was to Ik». elovato<l to the tabular angle corres- 
ponding to the fractional rise iK.'arost to the slope of the ground ; then 
that fraction of tho horizontal distance, loss the reading of the staff, 
would be the correct risi^ With the theodolite, it was convenient to 
have another set of hairs, for reading the distance in feet, as well as 
in links. In clear weather, with a distinct reading staff, a distance d 
forty chains had been read between the foot and Hnk hairs. 

DEW-BOW SEEN ON THE 8UUFACE OF MUD, 

Professor Rankine, in a letter to the London Philosophical iidgd" 
zinc, says: — There was seen to-day (February 13, 18G2), by myself 
and some other persons in this noi<rhborhood, a ver>' beautiful phe- 
nomenon, of which the cause is obvious, and of such a nature that 
one would expect the phenomenon to occur frcKjuently ; but I do not 
remember to have yet seen any instance of it recorded in any A:ien- 
tific publication. 1 refer to a prisinatit^ally-colored hyperbolic ins, or 
bow of the first order, exactly resembling that sometimes seen on a 
field of dewy grass ; but in this cast' it was displayed on the muddy 
surface of a by-road, and on the less trodden parts of an adjcHning 
turnpike road, throughout a distance of more than a mile. Tho time 
wiii hctwoQii half-l)a^*t twelve and one v. M. ; the momiujr had been 
hazyy but the mist nad cleared away, atvOiVXiQ «\ltL\<(la&^Tfa^^\srvcgQ^^ 
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Hie ansnlar dimennons of the iris were obviously the same with those 
of a rainbow of the first order ; its colors were com])leto, from rod to 
▼iolet, and very bright and distinct, especially where the mud was 
loAest and moistest ; where a sheet of water, how thin soever, covered 
the mnd, the iris vanished. No trace of an iris could be seen on the 
gran, in the sky, or anywhere but on the mud ; and on those parts 
of the turnpike road where the mud had been much disturbed no iris 
wiB visible. 

The necessar}' conclusion from this appearance is, that the surface 
of the mud must have been thickly covered with globules of pure 
water, perfectly spherical, and not in absolute contact with the mud, 
although resting on it ; but those globules must have been extremely 
minute, for they were invisible to the closest inspection with the 
naked eye. 

THE SUPERNUMERARY BOWS IN THE RAINBOW. 

In a communication on the above subject to the British Associa- 
tion, in 1862, by the Rev. J. Dingle, the author stated that he had 
iiiTCStigated a method of approximating to the size of the drops of 
rain corresponding to any given position of the supernumerary bows 
produced by the interiereuce ot* the two luminiferous surfatres pro- 
ceeding from each drop. It appeared from his tables appended to 
the paper that tlie size which Dr. Young (without giving his method 
of cak'ulation) had asi^igned to the drops inidor certain conditions 
was within aA^ th of an inch of the tnith, and was more accurate 
than that assigned subsequentlv by Mr. Potter, whosi; method was 
not quite satisfactory. The subject was interesting as illustrating the 
marvellous accuracy with which the o|)erations or nature are carried 
out, and the delicate adaptation of our oi-gans for disceniing them. 

»HE RELATIVE AMOUNT OF SUNSIIIXK FALLING ON THE TORRID 

ZONE OF THE EARTIL 

At the British Association, 18G2, Prof. Ilennesey stattid that he 
had aneertaiued that the amount of sunshine ialling on the outer 
limits of the earth's atmos]>here between the tropics is ver}' nearly 
equal to that which falls on the remaining portions of tlic eartirs 
nmaee. If we reflect that, according to Forbes*s researches, the 
amount of heat extinguished by the atuiosplien> betbre a given solar 
ray reaches the earth, is more than one-half for inclinations les<« th.in 
25®, and that for inclinations of 5° only the twentieth part of the 
heat reacht»8 the ground, we imme<liately see that the torriil zoiu* <»f 
the earth must be far mon» efli'ctive than all tlie rest of the eartliV 
Bur&ce as a recipient of solar heat. Tt follows, thcn'foix', tliat iIk' 
distribution of the absorbing and radiating surfaces within ihc torrid 
aono must, up<m the whole, exercise a predominating influence in 
modifying general terrestrial climate. 



M. Foueault, to whom we owe the pU\s\ca\ devAOW^tvalUwi oC tha 
ith'i/ movrmcnt, has announced a discovery YCs\>iuVA\v» vVsi NOtf*JS 
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of light and the sun's parallax, which promises important results. 
By means of a newly-devised instrument no has ascertained that the 
velocity of light is notably less than has been supposed. Instead of a 
velocity of 808,000,000 of metres in a secona, ho estimcites it as 
298,000,000. If this be correct, the sun's parallax is 8.86'^ instead 
of 8.5 7'^ Thus the mean distance of the sun from our earth is dimin- 
ished by about '^, 

DISPERSION OF LIGHT. 

M. Badan, writing to the Paris Cosmos upon the results of 
Cauchy, and citing Bis formulae, observes: "It results from these 
formulsB that the velocity of a luminous ra^ depends, in general, 
upon its color ; and that the unequal velocities of the different rays 
ot the spectrum are the cause of tlieir dispersion by the prism." 

THE FORMATION OF HALOS. 

Sir John Herschel has devised an elegant mode of illustrating the 
action of minute refracting spheres. He mounts the spores of the 
common puff-ball in a film of oil between two pieces of glass. When 
these are held close to the eye, and a candle viewed through them, 
beautiful concentric halos appear. 

NEW OPTICAL EXPERIMENT. 

Iklr. Slack calls attention to concentric circles of light, exquisitely 
marked by fine black, intersecting lines, which may be seen by taking 
a stout glass tube, about one-eighth of an inch in diameter and six or 
eight inches long, liolding it horizontally opposite the flamo of a can- 
dle, and looking at the light through it. A piece of paper rolled 
round the tube shuts out all unnecessary illumination, and makes the 
phenomenon more clear. 

IMPROVEMENT IN THE KALEIDOSCOPE. 

The following note addressed to the London Literary Gazette^ by 
Mr. J. A. Davis, suggests an improvement in the kaleidoscope, or, in 
fact, in any instrument where combinations of colors are produced by 
rotation : — " Sir : If the pieces of glass used in a kaleidoscope were 
cut in various regular forms, the effect of the instrument would 
greatly be improved, and this by means of the duplication of sym- 
metry or evenness, which can readily be understood by all who have 
n competent knowledge of it. Everj' apparatus or instrument for 
producing color by rotation of colored surfaces would Ix', improved if 
ci conical glass vessel, the upper external part of which is silvered, 
wore fixecl upon the spindle with its Jipex downwards, in which a 
number of pieces of various colored glass were placed, and under- 
neath it a mirror at a proper angle were fixed. Upon the middle 
being rotated, the pieces of glass would, by centrifugal force, be car- 
ried towards, and in s:ome cases against, the internal parts of the 
<!One, and be illuminated by the mirror beneath, and reflected by the 
silvered parts of the vessel. The effect produced would be a very 
beautiful one, r number of conceutnc coVor^id riti^ W\xv^nSs^c^^S^ 
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tniatf ace, and arrangement of which would in every ease be differ- 
ent, the phenomena obtained being infinitely variable. Another im- 
prorement would be made if the colored discs were bent upwards, 
and, when in motion, looked at across or horizontally, the eyes being 
at their level, the blackened disc Ixnii^ removed, in which cases the 
colored bands are arranged in vertical rows." 

MICROSCOriC WRITING. ^ 

At the London International Exhibition, 18G2, a machine for the 
execution of microscopic writing was cxIiibitAl by a Mr. Peters, 
which has enabled the lord's Prayer to be written in the 356,000th 
of a equarc inch — a R]>a(*e like a minute dot. The English Bible 
contains 3,566,480 letters; the lA>rd's Praver, ending with ** deliver 
OS from evil," 223 letters; so that the Bible is 15,92)2 times longer 
than the prayer, and if we employ round numl>ers we may say it 
could be written in 16,000 times the space occui)ied by the prayer, 
or in less than the twenty-second part of a stjuare inch. In other 
words, the whole Bible might l)e written twenty-two times in one 
square inch ! This wondert\illy minute writing is clearly legible when 
placed under a good microscope. In using the machine the operator 
writes with a pencil attached to one end of a long lever ; whatever 
marks he makers on a piece of paper are infinitesimally reduced in 
corresponding motions, by which a glass plate is moved over a minute 
diamond point By me^ns of a geometric chuck, beautiful geometric 
derigns may be engraved on a similar scale of minuteness. 

Tlie tme value of the instrument, however, is shown in its applica- 
tion to the purposes of mi(rrosco])ic science ; it is capable of produc- 
ing Nobert's microscopic tests in bands of lines nimilK*ring 100,000 
to the inch, and micrometers with divisions rising to the one 4000th 
of an inch, which, when crossed, produce i>erfectly distinct and sharp 
angled squares, each one sixteen millionth of an inch in size 
(4000 X 4000 = 16,000,000). 

NEW VIEWS RESrECTING THE ORIGIN OF LIGHT. 

Mr. C. E. Townsend, of Locust "N'alley, N. Y., has propounded the 
following theory n,>,siKicting the origin and development of solar light 
anil heat. lie says : — 

Matter in space is reduced to a mininnun, so that solar light and 
heat can exert no ai)preciable eflect, either by al>sorption or radia- 
tion ; hence solar light and heat can (iuly bi> developed into such on 



reaching tHc atmospliere or IkhK' of a planet, and therefore all lights 

the sun, moon, ph 
nebnlie, comets, ov erratic Ixxlies, iis meteors, arc devcioi>e<l only as 



8«on m the heavens, whether from tlu> sun, moon, i>lanets, stars. 



light on reaching our atmosphere. In consiMpicnrc, we look in vain 
through space for light dartm<r oif to other planets from the sun, or 
from one to the other. On the supix)sition that light and heat are 
convertible into electricity, tlw Leydeu jar, chai*gi'd with electricity, 
is analogous to the sun, also so charged, and not until a conducting 
body is brought within tlu% rccpiired distance of the former does the 
ehctticiiy develop itstolfy hi the form of Ug\\l and W;^V, u^w ^x "OtROx 
ibe coaduciiDg'bodw 
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If absolute light existed in the sun, and as such were transmiited 
througli space to the planets, then all space would necessaril;^ be 
radiant with light, and, as a consequence, we should have no night 
Whereas, our nocturnal heavens do not disclose one single ray in 
its passage to the ]ilanets, notwithstanding which they glow with the 
liglit constantly received from ilie sun ; which is, necessarily, proof that 
solar light is not dcvc1o]nMl until it reaches the planet, and that, conse- 
quently#the material of light, in its passage tlirough space irom the 
sun to the planets, Ix^ing invisible, cannot be dcvelup<.'d into light. 

LUMINOSITY OF PHOSPHOUUS. 

The following paper was read before the British Association, 1862, 
by Dr. Moffat : — 

If a pie<.*e of phosphorus be put under a Iwll-glass and observed 
from time to time, it will bo Inund at times ]um)^ou^, and at others 
non-luminous. When it is luinliiou'^. a stream of va]X)r risi^s from it, 
which sometimes terminates in an inverted eonc of rings similcir to 
those given off by phc»:<phuretted hychogen; and at otiiers it forms a 
beautiful curve, witli a descending tint e(|ual in length to the ascend- 
ing one. The vajxir is attracted Uy a magnet; it is also attnu'tcd by 
heat, but it is ivpelled by eohl. It iviulers .>teel needles ma<!iictic, 
and it is perceived oidy when the ])hosphoi*us is luminous. licsultB 
deduced from daily ol«ervations ot* the pliosj)horus in conuei'tion 
with the readings of the l)aix)inetor, the temperature and degree of 
humidity of the air, wilh directions ot' the wind, for a period of 
eighteen months, show th;it periods of luminosity of ])hosphorus and 
non-luminosity occur uiid'r o])po<>ite conditions of the atmosphere, — 
the Ibniier being peculiar to tlie e{|u;itorial, while the latter is jiecu- 
liar to the jx)Lir cuirent. By t!ie i-ntnlyiir' action of pha<«phorus oo 
atmospheric air, a gaseoLs IxkIv (su|»eroxide of hydrogen) is formed, 
which is analogous to, if not the same ;«s, atmospheric ozone, and it 
can be detected by the same te<ts. I'he author h.is found, by his 
usual tests, that phosphoric ozone is develo]KMl only when the phos- 
phorus is luminous. Periods of kuninosity an<l periotls of atmospherio 
ozone take plaee under similar atinos]>]ieric t oiiditions, and the i'on- 
diti(ms of non-luminous perirxls and ])eriods (bf non-atmospheric 
ozone are the siune. Fmni tlie ;iu:hor's oli>v'rvat|ions in coniiectioa 
with this matter, wliich extend over several veal's, it appi^ars that 
ninety-nine j)er cent, of luminous pi'riods and nineijy-one |»er cent, of 
ozone perioiLs <'ommence with decrcMsing readinur of the barometer 
and other conditions of the eouatonal curn-nt ; aiid that ninetv-fonr 
per cent. an<I sixty-six per <-ent. tcnninate with increasing readin;!S 
and the conditions of th(> ]M>l.ir current. Luinii\ous ]KTiods com* 
mence and lumino^ily in rea-ic.' in brilliancy on Uhe approa'di ot 
stonns and g:di>s, and ozone pcrjols connucnce anil it ineivases iii 
quantity under srlniilMr conditions. Thd'c i>. it wotuld appear, also, 
from these o])servaiions, an intiniale connection bd>tweeii the ai>- 
nn)aeh of storms, the connnen 'ement of luminous luM ozone periotu, 
am! ilisonliii's ot' the ner\ ous, \uu^cv\V.\v ivml v;v«.-uUvr (n*dt«tfm. Here 
tbo author gave the dales of mauy bVov\\\* vvwX *^aV^ 
rvticii of disi*ascs of the above e\aij, s\voW\\\^ iWv: \:c>v^Ha^k»R»\ 
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IB CQRoboratxm of what he had stated, he mentioned the fact th&t 
there was a concurrence in the ii«uin(|r of Admiral FitzRoy's caution- 
ary telegrains and these diseases. lie also stated that he views the 
pert performed by ozone in the atmosphere as l)eing similar to that 
p e rfor m ed by protein in the blood; the latter givintr oxygen for the 
OHorganization of worn-out tissu(>s in the animal economy^ the 
ftffmer siving oxygen to the proihicts of doconi position and putn^fac- 
tkm, and rendering them iniio;-uous or salutary oom])ounds. With 
tlieee viewSi he has used phospliunis as a disiniei'tant ; and, from the 
multfl he has obtained, he belii'M'j that i>y \i6ui*r ozone artificially 
fonned by the at.'tion of phosj)horns in loi'alitirs tainted with the 
products of putrefaction, just in suflicient (juantity to tinge the usual 
teet-paper, all diseases of the pythogcnic class woiihl be prevented. 
Although the data are too few to theorize iipoiu Dr. ^Moifat hoped 
tbat ho would be excused ibr pushing the niatttM* beyond a simple 
Statement of faet^ and ol)servations, as many facts had been observed 
in nature which strongly corro1x)rated all he had ailvance<l. Ozone, 
he observed, is in all pmbabillty formed \vh(M'over there is phospho- 
reaeence; and this is by no means an uncomnion pheiiomenon. It is 
■een in life and in death, in the animal and vegelabh^ kingdoms, and 
in the mineral kingdom. Here many inst:in<es of T)hosi)hort'Scent 
bodies were enumerated, among which the night-shinmg Neries was 
named as bet'oming particularly brilliant with a direction of wind 
from points of the compass between east and south ; and the fa<.*t that 
the sea becomes luminous on the appn)ach of storms by marine 
animals floating on its surface was noticed. .Many phosphorescent 
nonerals were named; the dnor spar being iiarticularly {Kjinted out 
10 being not only j)hosphoresceiit on slight increase of tem|H^rature, 
but as giving oil ozone. The author cout'luded by observing that it 
18 not improbable that atmospheric ozone is ibrmed by the phospho- 
rescence of these and similar bodies, and ])ointed to the absence of 
oaoDC and weak magnetic action during cholera i>eriods, which are 
periods of non-luminosity, and to the disappearance of cholera with 
the setting in of the equatorial cum>nt, which is ozoniferous and 
fiiTorablo to luminosity. The aiin>ra, the author thinks, may yet be 
proved to be a display of luminrjsity. 

RESEARCHES OX THE SOLAR SPECTRUM. 

During the past year. !Mr. Kirclihofl' h<xM pubhsV.cd a complete 
account of his n»se«irv'hes on the •' Solar Spectrum and the SiKK'trfi of 
the Chemical Elements," and the »:\nw has been translated into 
English and publishi>d in I^)nil()n by lV)iessor Koscoe of Oweu*s 
College, ManiMiester. In the Annual of Srhtitijic DLtrovtrt/ for 18G2, 
pp. 133-143, we gave a full rcsunivoi' the principal ]>oints of interest 
Wliich had then been made public resjtecting this new de]>:irtm(4it of 
scientific resi*areh. In the pivseut article, w..' piM|)ose ag:iin brielly 
to review the subject, and indicate tlie additions made to our knowL 
c<Ige during the \yL^i ycir. 

Although the consMmrion of s.)uir light wa^ iii*sl demonstrated bv 
Newton, in 107i}, the exiitfiu'e of tlu^ mxvkvnX \vev\3Xvt\vvV>j oS. ^"^t^ 
Jiwes nn the nfn^ctrum remained unknown uulW \*Vi*l, '«W\i\!>T.\^^ 
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laston noticed that vrhen he allowed the sunlight to fall through a 
narrow slit upon the prism, a number of dark lines, cutting up 
the colored portions of the spectrum, made their appearance. These 
dark lines, or spaces, of which Wollaston counted only seven, indicate 
the absence of certain distinct kinds of rays in the sunlight ; they are, 
as it were, shadows on the bright background. 

It is, however, to the celebrated German optician Fraunhofer that 
we owe the first accurate examination of these singular lines. By a 
great improvement in the optical arrangements employed, Fraunhofer, 
rediscovering these lines, was able to detect a far lanjer number of 
them in the solar spectrum than had been observed by Wollaston. He 
counU^d no less than live hundred and ninety of these dark lines, 
Btretching, throughout the length of the spectrum, from red to videt, 
and in the year 1815 drew a ver\' beautiful map of them, some of the 
most important of which he designated by the letters of the alphabet. 
Fraunhofer carefully measured the relative distances between these 
lines, and found that thev did not varv in sunlij^ht examined at differ- 
ent times. He also saw these same dark fixed lines in reflected as 
well as in direct solar light ; for on looking at the spectrum of moon- 
light and of Venus-light the same lines appeared quite unaltered in 
position. But he found that the light of the fixed stars was not of 
the same kind as direct or reflected sunlight, as the spectra of the 
starlight contained dark lines entirely different from those which are 
invanably seen in the solar spectnun. From these observations 
Fraunhofer, so early as 1815, drew the important conclusion that 
these lines, let them be what they may, must in some way or other 
have their origin in the sun. The explanation of the production of 
these lines was reserved for a subsequent time ; but Fraunhofer 
opened the inquiry, and all his conclusions have been borne out by 
recent and more elaborate investigations. 

Since the time of Fraunhofer uur knowledge of the constitution 
of the solar spectrum has largely increasi^d. Professor Stokes, in his 
beautiful researches on fluorescence, has shown that similar dark 
lines exist in that part of the s]iectrum extending beyond the violet, 
which require special arrangements to become visible to our eyes; 
and Sir David Brewster and Dr. Gladstone have mapped with great 
care about two thousand lines in the portion of the spectrum from 
red to violet. 

But it is to Kirchhoff, the Professor of Physics in the University of 
Heidelberg, that we are indebted for by far the best and most accu- 
rate observations of these T)henomcna. In place of using one prism, 
as Fraunhofer did, KircrhhofT emj)loyed four prisms of most perfect 
workmanship, and thus enjoyed the advantiigc* of a far greater dis- 
persion, or spreading out, of the dilTerent rays than the Munich opti- 
cian had obtained. The lines were observed throuofh a telescope 
having a magnifViug power of forty, and when the whole apparatus 
was adjusted with all the accuracy and delicacy which the perfection 
of optical instruments now rcndci's possible, Kirchhoff saw the solar 
spectrum with a degi*ee of minute distinctness such as had never 
before been attained ; and of the beauty and magnificence of the 
e^ht thus presented those only w\\o \iavc \>viviti ^>)^^\^xi<q«s^ 
£xm any idea. 
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Kirchhoff's purjwse was not merely to observe the fine retiical 
ilark linPB which in nntold numbers cmsacd llie colored Bpectmra, 
stretching froni right lo left ; he wished to mcaeiire their relative dis- 
tances, and thus to map them, exactly as the astronomer determines 
the pondoQ of the stara in the heavens, and the surveyor triangulates 
and marks out the main features of a country, so that future wander- 
ers in this new field may find fitted and well-recognized points film 
which to commence thdr own oxcnraiona. Professor Kirchhoff is far 
from thinking that his measurements, delicate and numerous though 
tliey be, have cxhauBled the subject. The further we penetrate into 
the secrete of nature, the more we find there remains to be learned. 
He saw whole scries of nebulous bands anil dark linos which the 
power of his instrument did not enable him to resolve ; and he thinks 
iliat a larger niunber of prisma must be employed to efl'ocl this end. 
He adds : " The resolotion of these nebulous hands appears to me to 
[losaess an interest similar to that of the resolution of tho celtstisl 
iiebulK, and the investigation of the spectrum lo be of no less im- 
portance than the exanunattoa of the heavens themselvcB." True, 
Indeed, does this appear, when we learn that it is by the esanunadon 
o( these lines thai we can alone obtain the clue to the chemical com- 
position of sun and stars ! 

The exact racasiuremeiit of the dintancea between the lines was 
made by moving the cross-wires of the telescope from lino Ui line by 
means of a micrometer si^rcw with a finely divided-head, and reading 
off the numbers of divisions through which the screw had to be turned. 
The breadth and degree of darkness were also noticed, and thus the 
Bnis were mapped. In order to give a representatjon in the drawing 
of the great varielj of the shadi'. and thickness of the lines, they 
were arranged according to their degree of blaciness, and drawn rf 
six different thicknesses. First, the darkest lines were drawn with 
thick, black Indian ink ; tho ink was then diluted to a cert^n extent, 
and the Uncs of the next shade drawn, and so on to the lightest 
Beries. As soon as a portion of the spectrum had been drawn in this 
manner, it was compared with ihe actual spthctrum, and the miEt^u 
in the broadtb and darkness of the lines, as well as in their position, 
corrected by fresh estinialjons, and the drawing made anew. A 
■econd comparison and another drawing were then niade, and this 
ijvoceas repeated until all the groups of lines appeared to be truthtiilly 
■ — - --^-j j^ ([,g English edition of Kirdihoff's Memoir, above 
lithographic representations of the appearance of the 

1 through KjTchhoff 'a instrument are given, presented in six 

[fferent colored tints. 

In the Annual of Scientific Discover;/ for 1862, it was shown how 
in examination of these dark lines of the solar spectrum had revealed 
eoniewhat of tho chemical constitution of the solar atmosphere, and 
alM how the existence and development of the lines had been ap- 
^'ied for the chemical analysis of terrestrial matter. In regard to 

« latter point it is unuecessary to say more than that Mr. IQrchboff 

'loiinc«B in his Meminr that be has carried spectnnu analy^ to 
h perfection that he has without difficulty been able to disltucuisli 

" 'nutu traces of the rare inetals cvlnttm M^sl tftitanr 

Mnthanuiii, and didymiutn, \ii\icu tW-^j 
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together; a feat which the most experienced analyst would find it 
almost impossible, even aflcr the most lengthened and carefbl inyeBti- 
gation, to accomplish with the older methods. 

In endeavoring, says a writer in the Edinburgh Review, to fbnn in 
idea of the present and future bearings of the science of spectmm 
analysis as applied to the investigation of terrestrial matter, we must 
remember that the whole subject is as yet in its earliest infancy ; that 
the methods of research are scarcely known ; and that specnlatioDi 
as to the results which further experiments will bring fcMlh, are, 
therefore, for the most part, idle and premature. We may, howerer, 
express our opinion that a more intimtitc knowledge of the nature c£ 
the so-called element^, if it is to be attained at all^ is to be sought for 
in the relations which the spectra of these substances present ; and 
if a " transmutation " of these clcmcntar}- bodies be effected, as is by 
no means impossible, it wiH be eff'ected by help of the new science ot 
spectrum analysis. That we shall thus gradually attain a far more 
accurate knowledge of the composition of the earth's crust than we 
now possess, is perfectly certain : nor is it less certain that, with the 
progress of the investigation, other new elementar}' bodies will bo 
added to our already somewhat overgrown chemical family. We 
anticipate, moreover, important results to the art of medicine from 
the application of spectrum analysis to mineral waters, as they are 
termed, noted for their therapeutic (pialitic>s. The compaction of 
these waters, their apparently inexhaustible faculty of reproduction, 
their modes of affecting the human frame in various states of health 
and disease, arc only known as yet empirically. But it is altogether 
probable that the application of spectral analvsis to the elements 
contained in these springs will bring them witLin the range of ac- 
curate medical knowledge, and perhaps extend the resources of 
medicine itself 

So long ago as 1815, Fraunhofer made the important observation, 
that the two bright yellow lines which we now know to be the sodiwn 
lines were coincident with, or jx)?ijessed the same dep^e of refrangi- 
bilitv as two dark lines in the solar spectrum called by Fraunhofer 
the lines D. A similar coincidence was observed by Sir David Brew- 
ster, in 1842, between the bri^rht red line of ]X)tassiuni and a dark 
line in the solar spectnmi (railed Fraunliofer's A. The fact of the 
coincidence of these lines is easily rendered visible if the solar spec- 
trum is allowed to fall into the upper half of the field of our tel- 
escrope, whilst the sodium or ]>otassium sjX'ctnun occupies the lower 
half. The bright lines produced by the metal, as fine as the finest 
spider's web, are then seen to be exact prolongations, as it were, of 
tne corresponding dark solar lines. 

Although the fa(.'t of the coincidence of several bright metallic lines 
with the dark solar Hues was well known, yet the exact connectioii 
between the two phenomena wjis not understood until Prof. Kireh- 
hoir investigated the subject. Nevertheless, before he gave the exact 
pnv>f of their connection, >onie iew 1k»1«1 niiiuls had foresi^en the con- 
thisioiis to wliieh these observations must lead, and had predicted the 
exisU'uce of sodium in the sun. 

Wishing to test the accuracy of this (re(^Uv ntly ad<erted coinci- 
donce of the bright metallic and v\jlt\l ^\jtY Vv\\viiN\\\\\\\!A>»«^ ^^i^ 
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oato instromenl^ Fkx)f. KirchhofT made the following very remarkable 
expe rim ent, which is interesting as giving tho koy to the sokition of 
the problem regarding the existence of sodium and other metcils in 
the Hin : — ** In order to test in the most direct manner possible tho 
frequently asserted fact of the coincidence of the .sotlium lines with 
the lines L>, I obtain(*d a tolerably brisrht solar specti-um, and brought 
a flame colored by so<lium vai)or in front of the slit. I then saw tho 
dark lines D change into bri;rht ones. The flmne of a Bunsen*s lamp 
threw the bright sodium lines upm the solar spe(*tnim with unex- 
pected brilliancy. In onk'r to fmd out the extent to which the inten- 
nty of the solar spectrum could Ik* ini'rea>evl without impairing the 
diranctncss of the sodium lines, I allowed th<.> fidl sunliglit to shine 
Ihnragh the sodium flame, and to my st^tonishinent I saw that the 
dark lines D appeared with an extraordinar}- degree of clearness.' I 
then exchangee] tho sunlight for the Drunmiond's or oxy hydrogen 
limc-lightf which, like that of all incandescent solid or liquid bodies, 
gives a spectrum containing no dark Hues. When this light was al- 
wwed to fall through a suitable finine colon>d by common salt, dark 
fines were seen in the spectrum in the [)osition of the sodium lines. 
The same phenomenon was observed if instead of the incandescent 
fime a platinum wire was us(>d, which l>eing heatinl in a flame was 
brought to a temperature near its melting-point by pa.ssing an elec- 
tric current through it. The phenomenon in ((uestion is easily ex- 
plained upon the supposition that the sodium flame al)sorbs rays of 
the same degree of refrangibility as those it emits, whilst it is per- 
fectly transparent for all other rays." — Kirchhoff ; Researches, ate., 
pp. 18, 14. 

Thus Kirchhoff succee<led in producing nriificinl sunlight, at least 
as far as the formation of one of Fi-aunhofer's lines is concerned. 
He iMt)ved that the yellow soda flanui i)ossi'sses this — at first sight 
aaomaloas — property of absorbinc; just that kind of light wliich it 
enuts; it is opaque to the yellow 1) light, but transparent to all other 
kmds of light Hence, if*^ the yellow rays in the spectrum produced 
by the Drummond*s light in the alx)ve ex]>criment are more intense 
than those given off by the so<la fhune, we shall see in the yellow 
part of the spectnmi shadows or dai-k lines; and if the difference of 
mtensity be verj* great, these shadows may by contra.st appear per- 
fectly black. This opacity of heated sodium \ai)or for the particular 
kind of light which it is cajmble of giving oif was strikingly exhibited 
by Prof Boscoe, in a lectuiv on Spectrum Analysis, lately delivered by 
him in London at the lloyal Institution. A ghu^s tube, containing a 
small quantity of metallic sodium, was rendered vacuiuis and tuen 
clrwi'd. On heating the tuUs the sodium i-ose in va|)or, filling a 
portion of tho empty siiace. Viewed by onlinary white light, this 
sodium vapor appearc(l pcrfc^clly ci>l(»rless, but when seen by the 
yellow light of a so<la ilanie, the vapor r;L<t a deep shadow on a whitii 
screen, showing that it did not allow the yellow rays to pass thi'ough. 

Tins n'markable propiTty of luminous g<uies to alisorb the siuno 
kind of light as they emit, is not without analogy in the ctKpiato 
science of^ acoustics. Sound is produced by the vibration of the 
partlel(*s of gravitating matter, whilst light w su^\wi?cd to Iw \irQ- 
duced by a aimilar vibration of the particVea oi^ 'a \\v>w-*^^N\VaJis5U^ 
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matter, called the luminiferous ether. In the case of sound, a smflar 
phenomenon to the one under consideration is veil known. We are 
all acquainted with the principle of resonance ; if wc sound a fprea 
note in the neighborhood of a pianoforte, the string capable of giving 
out the vibrations producing that note takes up the vibrations of tbe 
voice, and we hear it answering the sound. The intcnser vibratkniB 
proceeding in one direction are absorbed bj the string, and emitted 
as waves of slighter intensity in every direction. 

Not only did Prof. Kirchhoff show experimentally that limuDom 
gases absorb the kind of light which thev emit, by reversing the 
spectra of several of the metals, but by help of theoretical coimder- 
ations he arrived at a very important general formula conceming the 
emission and absorption of rays of hont and light, which includes 
these phenomena as a particular case. The general law is called the 
law of exchanffcsj and it asserts that. the relation between the amoont 
of heat or of light which all bodies receive and emit is for a given 
temperature constant. 

In order to determine and map the positions of the bright lines 
produced by the electric spectra of the various metals, Kirchboff 
employed the dark lines in the solar spectrum as his guides. Mnch 
to his astonishment, he observed that dark solar lines occur in posi- 
tions coincident with those of all the bright iron lines. Exactty as 
the sodium lines were identical in position with Fraunhofer's lines D, 
for each of the iron lines (and Kirchhoff* examined more than six^) 
a dark solar line was so(»n to coiTespond. Not only had each bri^t 
iron line its dark representative in the solar spectrum, but 
breadth and degree of distinctness of the two sets of lines agreed in 
the most perfect manner, the brightest iron lines corresponding to 
the darkest solar lines. These coincidences cannot be the more 
efFeet of chance ; in other woixls, there must be some causal connec- 
tion between these dark solar lines and the bright iron lines. That 
this agreement between them cannot Im? simply fortuitous is proved 
by Kirchhoff*, who cah'ulates — from the numlier of the observed 
coincidences, the distances between the several lines, and the degree 
of exactitude with which each coincidence can be determined — the 
fraction representing the chance or probability that such a series of 
coincidences should occur without tnc tr^'o sets of lines having any 
common cause; this fraction he finds to bo less than 1-1,000,000,000,- 
000,000,000, or, in other words, it is practically certain that these 
lines have a common cause. 

" Hence this coincidence," says Kiivhhoff*, " must be produced by 
some cause, and a cause can he assigned which affords a perfect 
explanation of the phenomenon. The obser\'ed phenomenon may ln» 
explained by the supposition that the rays of light which form the 
solar spectrum have passed through the vapor of iron, and have thus 
suffered the absorption which the vapor of iron must exert As this 
is the only assignable cause of this coincidence, the supposition 
ai)pears to be a necessary one. These iron vapors might oe con- 
tained either in the atmosphere of the sun or in that of the earth. 
But it is not easy to understand how our atmosphere can contain 
such n quantity of iron va\)or as would produce the very distinct 
absorption linos which wo see in t\\c so\ai wpfccVn3Mv.\ wA ^Sk:^ «q^^^ 



Mlion ii rendered nill leas probable by ihe fact that these lioes do 
Dol appreciably alter when the sun approaches the horizon. It does 
not, on the other hand, sccra at alt unlikely, owing to tb« high tem- 
perature which ire must suppose the sun'a atmosphere to pOBseas, 
thU such vapors should be present in it. ileacc the observations oif 
llie solar tpectrum appear to mc to prove the presence of iron vapor 
in ib« solar atmosphere with as groat a d<^!ree of cerlaiaty aa we can 
aUun in an^ question oT natural scienire." — Kirckhoff ; Reiearchei, 
«C., p. 20. 

"nui statement is not one jot more positive than the facts wammL 
For to what does any evidence in natural science amount beyond 
As «ipr«saon of a probability ? A mineral sent to us from New 
ZMlana is examined oy our chemical testa, of wiiich we apply a cct>- 
tain number, and we say these show us that tb^ mineral eontaini 
iim, and no one doubts 'that our concliiaon is correct. Have we, 
faowovcr, in this case proof positive that the body really is iron V 
M»y it not turn out to be a siiuslanco which in these respects resem- 
bles, hut in other respects differs from, the body whit-h we designate 
aa iron 'f Surely. All we can say is, that in each of the many com- 
parisons which we have made the properties of iho two bodies prove 
identical; and it is solely this identity of the properties which we 
expren when wc call both of them iron. Exactly the same reaaonincr 
applies to the case of the existence of these metala in the sun. Of 
course the metals present there, cau^ng these dark lines, man not be 
identical with thoee which we hove on earth ; but the evidence of 
thcor being the same is as strong and cogent as that which is brought 
to bear upon any other question of natural science, the truth of 
which b generally admitted. 

We do not think wc can rive our readers a more clear and snc- 
dnct account of the development of this creat discovery than b^ 
ijUDiting from KirchholT's admirable Memoir Ihc following passage: — 

" Af toon as the presence of one tcrrcslHol element in the solar 
atmosphere was thus determined, and thcrclij- the existence of a 
Urge number of Frannhofer's lines explained, it seemed reatcnable 
to Htpposo that other terrestrial bodies occur there, and that, br 
exerting their abeorptive power, they may cause the production M 
other Frannhofer'! lines. For it is very proliahle that eljcmentBi7 
bodira which occur in lai^ quantities on the earth, and arc likewtte 
distinguished by special Bright lines in their n>cctra. will, like iron, 
hi vinUe in the solar atmosphere. This is founil to be the case with 
cakiiun, niagnenum, and sodium. The number of bright lines in tlie 
spectrum of each of these metals is indeed small, but those lines, aa 
well as the dork lines in the solar spectrum with which they coincide, 
commonly distinct that the coincidence can be observed 
t accuracy. In addition to this, the circumstance that 
occur in groups renders the observation of the coincidence 
c upMtra more esact than is Ihe case with those composed of 
_..^._ lines. The lines produced by chromium, also, tbnn a very 
dLaracterittic croup, which likewise coincides with a remarkable 
group of FraunholbKs lines -, hence I believe tliat I am jusliGed in 
~ " I ibo presence of chromium in ihu wVw a\m«fi^M««. '"" 
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contains nickel and cobalt, elements whicli inyariably 
iron in meteoric masses. The spectra of these metak, Iflce thifc 
iron, arc distinguished by the largo nmnber of their lines. But I 
lines of nickel, and still more those of cobalt, are much less hr 
than the iron Imes, and I was therefore unable to observe their 
tion with the same degree of accuracy with which I del 
position of the iron lines. All the brighter lines of nickel 
coincide with dark solar lines ; the same was obscnrod with 
to some of the cobalt lines, but was not seen to be the case with 
equalU' bright lines of this metal. From mv observations I ^ 
that I am entitled to conclude that nickel is visible in the 
atmosphere; I do not, however, yet express an opinion as to 
presence of cobalt. Barium, copper and zinc apficar to be ]m 
m the solar atmosphere, but only in small quantities; the brij^] 
of the lines of these metals correspond to. distinct lines in the 
spectrum, but the weaker lines are not noticeable. The 
metals which I have examined, viz., ^Id, silver, mercury, alnmiB^ 
cadmium, tin, lead, antimony, arsenic, strontium and lithiimi, 
according to my observations, not visible in the solar 
— Kirchhoff; Researches, etc., p. 21. 

We are now iu a position to understand why the discoveiy of j 
existence of these metals in the sun is no myth, no vague 
or possible contingency. We now see that this conclusion is" 
by a severely correct process of inductive reasoning, from 
exact and laborious experiments and oliser^-ations, and that the 
ence of these metals in the solar atmosphere has been del 
with as great a degree of certainty as is attainable in anj 
of physical science. 

The mode in which new and perhaps startling facts in sciencei 
as those we are now considering, are unwittingly misinterpreted 
misapplied by certain minds to suit their own preconceived n 
must DO an interesting branch of study to the psychologist. 
Heidelberg proft^ssors nn-eived a letter from a worthy fan 
Silesia thankmg them for the ^^at discovery they had made ; it i 
particular!)' interested him, as it confirmed in a remarkable man 
theory which he had himself long held n^iH.H:tinnr the nutritii 
plants : he believed that all artificial addition of inorganic 
to the plants in the shape of manure was quite iinneccsHuy, ail 
plants obtained the alkalies, the phosphorus, and the silica, etc.,.irl| 
they require, if a suflitrient supply Ik* not present in the soil, frQiil| 
sunliffht! "The Heidelberg professors," he continues, '* hsid 
proved the presence of sodium, potassium, iron, and macnesi 
substances needed by plants^ iu the sunlif/ht,'* and he felt snre tj 
his theory of vegetable nutrition now rccjuired no further proaf^ 
must at once be adopted by the previously incredulous world. 

As a similar instance of this unconscious i>erversion of facts, we ml 
mention the case of an Eiiirli.>h gcnllcmaii who Ixrlieved that bj 
series of elalwrate cxjK'rinicnts he had proved the presence of iron 
the suidiffht ! In spite of the previous caution of an eminent man 
science, this gentleman wius induced U3 publish his views, becausei 
he Bays, " tlie whole scope ai\d ob\eet of Buusen's and KirchhoA 
exji^ermieiits are to prove Iho posiufAWtv oV \i!ii<& \sioeX. xt^'oXfe -.---•-«^ 



NATUBAL PDILOSOPHT. 171 

of niMkl exiniiig in li^bt, and the nrobability of ccrtaia dark Itnu in 
the ■olnr •pcctruin being formed hy iron ! " Thus, the fact of the 
exiitrtiDc of iron in the body of the sun, at a distance of ninety-five 
mUBoQ of mitcv h represent*!] by these atientifio fanatics — wc really 
(Vn us« DO milder term — as being identical with the exwtencc of iron 
ID tho KunlJ^ht, which, travelling at the rate of one hundred and 
ninety-two tnousand miles per seeood, bathes the whole universe in 
it* vivifying beam:!. 

Of similar chemistry ajiplied to other sclf-luininouii celestial bodies, 
v« h4vo at present bat Utile knowledge. Frnunhofcr, at we have 
mliWAdj' »lAted, obKcrred that the spectra of the fixed stars contained 
ilBric hues diSering from thotie seen in the solar spoctruro. The balf- 
MBtury which has elapsed nqcq Fraunhofer made these observation* 
ku not broiieht us further knowledge on thb point, although it has 
•Mttrnd US of the tnith of his statements. In the spectrum of Siriui 
be obaerved no <lark lines in the oranije-colored region ; but in the 
pwii there was a distinct line, and in the blue two dark bnnds, none 
at which were seen in solar light. The spectra of other stars wore 
Ekewisc examined by Fraunhofer, and they appeared each to difier 
fiuntlw ortlier. The dilEcultii^ attending the exact observation and 
■leunreuMint of the dark lines in the spectra of the stan are, of 
COiand, very great ; but, with the aid of the vastly improved optical 
tnstnnnenla of the present day, we bcliere that astronomers will 
oTercomc these dilficulues; and wc look forward with interest to no 
far distant lime when wc shall receive some clue to tho cause of the 
color of lliosc wonderful blue and red utars which appear to be coik- 
finnl to certain (juarters of the heavens.' 

In the last chapli^r of Profemor Kin-hbolT's McmMr he pow fijp- 

wart] a theory on the physical condition of tlie snn. Doubtless the 

iimfl'iAir h ax well aware a* any one can be of the great difTerence 

' ■-.,-- 'li iliscovery of the existence of the metaU iu the sun and 

> theory of the solar constitution. One is an ascertained 

' r i# a uiero hypothesis. It is. however, necessary topcnnt 

. L 1 .■Dec, lest many who may not agree with the theory of 

,...'. ...il constitution of the sun prono^ by KirchliofT should 

■ilk liipoi^clves at liberty to discard his discovery of the presence of 
III' metal* in the aolar atmosphere. It is not possible here, however, 
'< i|o more than quote one or two passages from his Menunr, to ^*e 
ill idiuiof hia views respecting the structure of the «un; — 

■■ In order to explain," he says, " the occurreni'O of the dark line* 
II ihe M>Iar ipectrum, wo niust assun>e tliat the solar atmosphere eit- j 
:<>~oi a luminous nucleus, producing n continuous spectrum, iha 1 
! ri-htncM of which exceeds a certain hiniu The most probable «ip- I 
jiislJiin which can be made re«pei-line the sun's constitution is, that I 
It roii>i.<i.^> tif a solid or liijuid nurlous, beateil to a tejnperatum of the I 
brightest urhiteness, surrounded by an atmcBpherv of somewhat k>w«py I 
tempcr.iture. This supposition Is in aecortlancu with Laplace's cif ^ ^-i 
brat^ul rii'bular theory respecting the (bnnaliou of our planeUuv £'5. * 1 
tciu. If the maucr, now ronccntrat<<d in the several L ^S-Mt. 
4 * =-/sub- 
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bodies, existed in former times as an extended and continuons 
of vapor, by the contraction of which sun, planets, and moons kare 
been formed, all these bodies must necessarily possess mainly the 
same constitution. Geolopry teaches us that the earth once existed in 
a state of fusion ; and wc are compelled to admit that the same state 
of things has occurred in the other members of our solar systenL 
The amount of coolin": which the various heavenly bodies hare 
undergone, in acconlancc with the laws of radiation of heat, diflers 
ffreatly, owing mainly to the diflerencc in their masses. Thus, whilst 
the moon has become cooler than the earth, the temperature of tiie 
soirface of the sun has not yet sunk below a white heat. 

" Our terrestrial atmosphere, in which now so few elements are 
found, must have possessed, when the earth was in a state of fuaon, 
a much more complicated composition, as it then contained all those 
substances which are volatile at a white heat. The solar atmosphere 
at this present time possesses a similar constitution. The idea that 
the sun is an incandescent body Is so old that we find it spoken of- br 
the Greek philosophers. When the solar spots were first discovered, 
Galileo described them as being clouds floating in the gaseous atmoe- 
phere of the sun, appearing to us as dark spots on the bright body of 
the luminary. He says that if the earth were a self-luminous tSody, 
and viewed at a distance, it would present the same phenomena as 
we see in the sun." — Kirchhoff; Researches, etc., p. 24. 

Certain appearances connected with those spots on the sun's sur- 
face have induced astmnomers in general to adopt a different theory 
of the constitution of the sun from that proposed by Galileo and sop- 

Sjrted by Kirchhoff. This theor}- supposes, according to Sir William 
erschel, that the centre of the spot revctils a portion of the dai^ 
surface of the sun, seen through two overly mg openings — one 
formed in a photosphere, or luminous atmosphere, surrounding the 
dark solid nucleus, and the other in a lower, opacjue, or reflecting 
atmosphere. The supposition of the existence of such an intensely 
ignited photosphere surrounding a cold nucleus is, according to 
Kirchhofr, a physical absurdity. He puts forward his views on this 
point clearly and forcibly in the following passage : — 

"The hypothesis concerning the constitution of the sun which has 
been thus put forward in order to explain the phenomena of the sun- 
spots, appears to me to stand in such direct opposition to certain 
well-established physical laws, tluit, in my opinion, it is not tenable, 
even supposing that we were unable to give any other explanation 
of the sun-spots. This supposeil pliotos])hcre mui>t, if it exists, racfiate 
heat towards the sim's Ixxly as well as from it Every particle of the 
upper layer of the lower or opaoue atmosphere will therefore be 
heated to a temperature at least as liigh as that to which it would be 
raised if placed on the earth, exi)ose(l to the sun's rays, in the fbeos 
Q^a circular mirror whose surface, seen from the focus, is larger than 
g^i»^isphere. The less transparent the atmosphere is, the quicker 
the ^Mn^.*^'"?^*^;^*"^ ^' attained, and the smaller will be the distance 
science, tlii^ direct radiation of the photosphere will penetrate into 
lie savs, " tJie*^^ atmospliere. What degree soever of opacity the 
erperaneoto are^ possess, it is certain \\islI m \Am& >\i^ V^^aiL -^mU be 

' ' by radiadon, partly by cquClxicXaoiv ^^kA «x»cs«c5Qij&^ 




t the whole ruAsg; and if tho atmospltcre ever had been 
cold. It 19 clear [hat m tbcf course of a^ics it must have become ia- 
temelj' bcatciL This atnuspherc must act on the nucleus h 



J ■• Iho photosphere acts upon it; the nui-lcus must likewise be- 
oMm beUed lo the ixMnt of incandcaceney. It must therefore (jive 
off lk>ht and heat ; lor all bodies bej^n lo (;low at the name lemptra- 



Kirehhoff; Rfaeafckes, t.__., ,.,, , __. 

Our author then proceeds la account for the phenomena of ihe 
(dSF BP^ V ^^'■' supiKuition of two auperimpmed layers of clouilj 
bttng fbrmed iu the sdar atmoipherc. One of these, being deiiM) 
ad Bear the sun'^ surlacc, does not allow the Uftbt of tha underlrinji 
^rtfon ot the ran to pass, anil Ibnns the nucleus of the spot ; whilst 
nt otl>cr, b^g produced at a biglicr elevation, is hsa deuce, xod 
feoH what we term the jwcunibra. 

Il H imfbrUinato for hirehhoff's theory that tbc unanimous verdict 
of all irito have examined tb«itc anzular pbenomena is in favor of 
Ibrir b«iiig fuDUpl-shaped depnseions. Preconceived notions have, 
Inwarer, so powerful an influence over the mind, and it is so diOicult 
to obtaiii a truthfiil csUmat« of relative dcprea^on and elevation 
M auf\t distances, that wc are willing (o believe that astronomers 
WKJ ptMnbly be raistaken in their viuws on this aubjecL There is, 
IWKver, one method of cJiservatioo which would seem qualified to 
settle the disputed question. If the ostronomcra' view of tho coa- 
(tructian of the Bpotj< is correct^ the dark nucleus never can be seen 
twjrotid (he penumbra, when tho spot moves round towards the sun's 
limb. On KirchboCs view such a separation of the two clouds fonn- 
tng nucleuii and penumbra is perfectly pos^blc, and when they have 
nearly reached the cdicu oT the sun*s disc, wo ought to see the dark 
oloiKl below, and separate from the upper one. Such a separation, 
bowever, has not been noticed ; and, on the other band, wo may adr 
dace the foUowins observation of Sir William Herschc.l, as leading 
lu * tUns'lly.oppcKite conclusion : — 

"Oct. 13, 1164. The spot in the »iiu 1 observed yeaterdaf Is 
dnwn «o near tlie mardn tbnt the elevated dde of the fblhiwini; 
port of it liides all the black ground, and still loaves the cavity via- 
Uo, so thnt the depre«ion of the black ^pots and the elevation of 
Lhu facula- arc equally evident." 

Tita more tbc question of the physical constitution of the sun ii 

does it appear that we hnvo no ri<:ht lo make 

._ ling it, eitlier in one way or the other. St>eins 

rmlly known about tho matter, with tho tniu spirit <tf 




ioqoiKra, we hold ourselves opei 

■J ovidoncc tholl be bniiizbt forward, The uq^tor ob«er> 

i|t BtMlo by Mr. James Nasmylh, a few months aK?> t'ou^ 

■ijlkyacftl conditiou of the sun's surfer, — oliscrvations so 

— ^naaoera worn btb to recoiiu tlicm as facts until they 

I by other observers, — need only to be mcationed \a 

._ _... that ive are not in a ponitloii lo iii4iold any theory 

wliatdver of the phv»ical constitution <if our (Treat liuninarv. Mr. 
Natunyth luttorts, aoi) his assertion has been con&naed by llie sub- 
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iren*kiiown mottled appearance which the aor&ce of the ran exhib- 
its is due to the presence of ** willow-leikf-«haped " lominoiis bodies, 
which, interlacing, as it were, cover the whole surface of the snn. 
These most singular forms can be well observed, according to Mr. 
Ka8m}rth, in the ** bridges " or streaks of light which cross the dark 
spots, and they are there seen to move with an astonishing YekxitT. 
Imagination itself fails to give us the slightest clue to the probable 
constitution of these most recent of astronomical novelties I 

The beautiful red prominences seen projecting from the sun's disc 
during a total solar eclipse, and rcachmg to a height of forty thou- 
sand miles above the sun's visible surface, are likewise objects whose 
existence cannot be reconciled with any of the proposed theories 
of the sun's structure. — Edinburgh Review. 

Mitscherlich's Researches on Spectral Analysis, — In examining 
with the spectroscope a substance containing baryta, M. MitscheriicE 
observed two bright green bands which appeared to indicate the pres- 
ence of a new metal. On further investigation it was found that the 
same lines were obtained, sometimes alone, sometimes together with the 
barium lines, when a solution of chloride of barium containing sal- 
anunoniac is employed. Acting upon the data thus obtained, M.^lite- 
cherlich continued his investigations, and has been led to the conclu- 
sion that metals do not give a spectrum in all their compounds, and 
that they do not give the same spectrum in different compounds, 
but that the character of the spectrum depends upon whether it is 
produced by the metal, or by one of its compounds of the first order. 
It further appears that everj' compound of the first order, if it have • 
spectrum other than that produced by dpcompositon, must havo a 
spectrum of its own. Metallic compounds are so easily reduced by 
the fiame that we usually obtain only the spectra of the metals them* 
i!elves. Light passed through ignited soda vapors, or vapors of the 
c«\rbonate of soda, does not give the sodium line ; but the vapor of 
metallic sodium, at a low red heat, exhibits this line distinctly. 
From this it follows that in those fiamcs which cxhibilf the sodium lin^ 
metallic sodium, as such, produces the line in Question, and since so- 
dium has almost the greatest afiinity for oxy<Tcn, it follows that ail spec- 
tra which are produced by oxides are metallic spectra. The author 
further suggests that these experiments enable us to determine the 
affinities of the elements at the temperature of the sun's atmosphere 
by the spectral analysis. If, for instance, wo observe the spectrum of 
a particular metallic chloride in th<? sun's light, wo should have to con- 
clude that at the temperature of the sun':^ atmosphere the metal in 
(question has a greater afiinity for chlorine than potassium or sodium. 
since these exist as metals in the sun's atmoj<pliero. Moreover, we 
may hereafter, conversely, determine the temperature of the sun's 
atmosphere from the nature of tlie chemical compounds which exist 
in it, provided that we succeed in obtaiilin;^ an approximately high 
temperature. 

From the fact that free potassium and sodium exist in the sun's 
atmosphere, it follows that no free electro-negative body like o-xy- 
iren, sulphur, etc., can be present, and not even enough to combine 

^ all the sodium. Conae(\uent\y a\\ rwiV::^^ \?>kl^\i ^t^ t^^qkM. 

B their compounds by Bodlum miist exju>t m xXvc^ ^kicc^'^ ^Xsnsss^^aRsci^ 
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in the free state.' The abaenee in the solar Epcctmni of thu Hoes of 
aparticalsr metal dom not prove tho absentee oV the metal itaclf, shicfl 
1( maj- eibt ia combination with boiiiu ok'mpnt, the compound itself 
eihihiliag no specLnun. Tho many now lines recently diBcovyreJ in 
the apcctnun, and to irhich no elements arc known to correspond, 
tOhj proTu to be the UncB of compomida of the first order of metab 
alreaay known. — Poyg- Ann. cxvi, idO. 

Spectrum A nal^sia in Lecture Iti>om» M. Debray, of Paris, has 

siiR«Mfiill^ carried out the idea of projecting the apeetra of fiamea 
eetotvd by the metallic elcmenb upon a screen hy means of a Drum- 
Mtd light. Tho ('Ombustion of coal gas BUBtainod by atmospheric 
aJF (^vea too pale a flame when metaiUc substances ore introduced 
inta It to enable lu to see the spectra clearly except with the aid of 
• tolesL-ope; but if we take the exeuedingly hot jet of an oxybydro- 
g«n b1ow-|iipc, colored by Tarious metals, the splendor it acquires is 
BO brilliant that it becomes very easy la projeet the Bpectrum upon a 
mro*^, Eo OS to be seen distinctly by an audienee. To this end, the 
flontu is introduced into Duboscii's photosraphic apparatus, now 
to eenerally employed in optical exporimenta, and proceed precisely 
W ID obtaining the spectrum Irom an oJl lamp, or limn the voltaic 
arc. We then obtain, upon a screen suitably oiljuBted, the series of 
brilliant and vari-colored rays which eharacteme the metal intro- 
duced into tbc flame. These experiments are soccesaful not only 
with the alkaline and earthy alkaline metals, but also with other 
metals, such as copper and lead, ahbonfzh these bodies pve, with a 
gas flame, and the ordinary apparatus, only a very confused phenom- 
enon. As platinum cOelta instantaneously in the flame of the blow- 
pipe, the metallic sulistance ia introduced by means of the small piece 
of mtort-coke, or by a match strongly impregnated with the matter 
to be experimented upon, which niU be preferably selected from the 
in«>lalllc chlorides. With a tittle practice we can sustain the phenom- 
enon lonjT enoogh to stndy all its details at a very great distance. 

UmrutopatbufMedicin^ and the .Spfctmaenpe. — Dr. Chas. OzanUB 
•Ul«a in the BrilwJI Jnurnal of n-mrrnnnlhii that a spectroscope by 
bail eoablod him to recoiniize lithium in the fillb dilation of 
IkcUomret, a drop rontainin^ live biUiontbs of a milligrammu. lie 
is one thousandth of one {{Tamme, which is a minuto &ao- 
il onp-half Drains. He detected sodium in a 
p of the sixtli dilution of lis chTorurct, wlii'^h weichod three ccn- 
B hnndred biUiontbs ot a mUligraninie. 

aHiUbaiai'tJa 

AhomLmt ooDi 

ot •'Hi Ion ■D'l pot. 
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Doubts respeetinif Sunsen and Kirchhoff's Reatdca. — The LondoM 
Pholographic Newi makea the following rctnarlu on the prcseot *tal« 
of our knowledge respecting " spectrum analyeis : " — 

The subject u affording grounds for much tdentiSc debate, uid 
the opiuion is gradually gaining sround that there arc many reaKuia, 
expenmi^ntal as well as theoretics^ for coocluding that the sweeping 
explanation of tho cause of Fraunhofcr'a lines ?iveD hy the Genuan 
tavans, Bunaen and Kirchhoff, is, to say the least, open to great 
doubts. Prof. Miller, at a lat« meeting of the Loudon Phaniiaceiiti- 
cal Society, oi^ed the necessity of still considering the views of 
Eirchhotr and Buosen aa theoretical, there beinE monT pcnntu whidi 
presented anomalous features. Some spectral Uncs. he said, weis 
otio to tiie incandescent metals, but others undoubtedly belong^ V> 
the atmosphere, or to the different gases ia which the ignition of '*"- 
■netal took place. The rise of temperature, too, evoked itiffe 
lines from the same substance. Chl(«ide of lithium, in a 
burner, ^ves a single crimson ray ; in the hotter flame of hi 
an additional orange ray appears; whilst tBe oxyhydrogen jet, flf' 
the voltaic arc, brings out a broad, brilliant blue band in additio 
the same takes place with sodium and otbcr metals. FaBdna;tiitg .. 
the German theory is, it must be remembered that it is still apcxi 
trial, Biul that it docs not yet explain the facts known respecting tbt 
T^pon of hydrogen, mercury, chlorine, bromine, sodium, or nitrogen. 

UEUOCHBOUV. 

M. Kiepc^ de St. Victor has commwDieatod to the French Acftdt 
Ki important step towards the fixation of heliochnHmc tints, wl 
increases tbe hope that before long colored objects may be mi 
fiiUy photographed. He stales that he "obtains the heliochi 
colon on a film of chloride of alver formed on ametallic plate.". 
. preparing this [>latc he employs hypochlorite of potash, and I 
remarks, — "This alkaline bath, although very variable in its comi 
ntion, generally gives fine colors, only the bottom of the image i 
mains somewhat dark, and divers causes occa«on certain cobn 
dominate over the rest." Continuing his description, he obsnnraa,- 
" It is known that to obtain tbe colors on a white ground it is d) 
ury to heat the plate, befoiv exposing it to the light, until (bn i 
ride of silver assumes a rosy tint, or to substitute for the action of 
that of light, in the manner indicated by M. C. BecqucrcL I e< 
G^ved the idea of covering the chloride film, before e.tponng it 
the li^ht, with a layer or a satnrat«d solution of chloride cf If 
mixod with enoiuh dextrine to form a varnish." He found that I 
colors were nroduced with greater brilliancy on a plate thna n 
""od, and after their appearance the jJatv was heated over a 
ipi.not raising the temperature high enou»h lo carbouizo thu 
" Under the inllueucc (rf heat, the cmors usually croir n 
. especially if the light has influenced the whole thicknea 
tbe chloride of silver-; but If otherwise, the blues are turned 
violets, and the blacks to reds." Tbe result of the process is, " 
tin dcstroftivc! action of light upon As p\W« ra Tctatiei, i ' ' 
liours are tieccssary to desWiy ^iio wAota, "wS 
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astj ciittunUances, would (liMppeiu- in a Tl-w mjantes. Such b 
tiie state of faeUothrofny to-day, and if tbe problem of lixation is not 
yM Bolvi^d, irc mav at least liope for a golution." M. Cbtvrout 
remarks lliat the discovery of tbe di^xtnno and chloride of lead var- 
nish i» a great advance, and he compares Lhc senaitivu films of M. Su 
Victor to the retina of the human eve. 

U. Chnvrcul, in commenting; on these new results, called the alien- 
tkm of the Academy to the remarkable facts connected with them, — ■ 
the first of which is. that tho ima^e produced by the sun is direct, 
Kiul not inverted, like thow obtained by ordinary methods; and the 
teT«nd. that the li^ht whiteins the parta which it strikes, tliroug:h a 
:>p(>viat action of (lie dextrine and chloride of lead varnish, while 
witfaoul this Tarnish it would impress a vblut lint on the chlorido*^ 
P of the daguerreotype plal£, — a remarkable result, since M. 
^ hu obien-ed that the Bbadowd of an cnjjravina; are repro- 
i in Uack on plates prepared with tus varnish- The colorti of 
i imaee ar« not produced euDuItaneously ; for example, the yeUov 
pears Defore the green, and when this latter is tnanitcsted the yel- 
» ia weakened, it' not effaced. Does it not follow from this that the 
way to reproduce the colors with fidelity would l>e by the use of 
scriwof, 90 atranged aa to cover tbe parts where tbe rolora are first 
^^tt^bited, so aa to give more time to other colors whioh require it?" 



■ PROSPECT OF OBTAIKING PHOTOGRAPnS IN 



C0LDB8. 



r David Brewster, in a recent publication, thus sketches the pro- 
ncM of heliochromy, and ^vea his views respecting tbe prospect of 
the ullimale solution of the problem of fixing tlw colors of nature 
upon a photographic picture. lie iayt:^- 

More than one phitoBopher has expressed the opinion that the 
uly-oolurcd picture which appears with all the tints of nature on a 
'et of white paper placed in the camera can never l>e reproduced 
I fixed either upon a paper or a metallic surlhce. This is the 
tl discovery which science has in store fur photography ; and 

e succeastiil attempts which are making lo reach it we are not 

wt hiipea that it uiay yet bo accomplished. 

1 1640 Sir J. Herschel obtained upon photographic paper a 
* image of the solar spectrum. Da^erre had previously 
d that a red bouse gave a reddish imago on his iodized plate in 
. nera ; and Mr. Fox Talbot had observed that the red of a 
1 print was rod when transferred to paper washed witj) chlonde 
er. On paper washed with chloride of bnrimn and nitrato of 
•r. Mr. Hunt obtained red under a rrd glofls, a dirty yelioio under 
lUnc glass, and a light olive under a Que glass. By preparinf; 
*'Uc puitea with clilonne, M. Becquerol obtainc<l the spectrum in 
. and also colored imprcsiinns of highly-colored maps; but, 
_„_^n tbew! i^oloro weru long durable in the dark, he never sue- 
«wtte<l in fixius them. 

M. XieprtS at. Victor, setting out from the fine researches of M. 
Ui'cqucrcl, has been more niccesaful by u«ing the purcit silver; and 
" ... HW'l inftnn* iw tbut he bos "exattunu-i ^Wit " ■"'" 
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most fiuthfblly represented^ bot they '* sIowIt fiided cot, and beeanis 
erentoaily one unifbrm reddish tint." In M. l^epc^s earljr experi* 
ments, made in 1851 and 1852, and published in three memoirB on 
heliochromy in the Comptes Rendus, he obtained his colored pictiires 
br preparing a bath compoeed of the deuto-chloride of c<^yper ; bot in 
his more recent researches he has disoovercd a rery remai^aUo 
action of the chloride of lead in the double relation of white and the 
duration of the color of the ima^e submitted to the influence of light. 

The colors of the bnd:!<:ape have been accidentally produced in 
the operations of pliotographv. ^Ir. RayoMnd, a French artist, when 
developing a pirture on collodion by a combination c^ pyroeallic and 
acetic acids, exposed it to light without washing it, and ooserved it 
transform itself quickly into a positive, assuming, with more or kst 
perfection, the colors of the model. The best picture he obtained 
required a quarter of an liour for its development. It preserved its 
colors by an exposure to the air for some months, and was not oom- 
pletely effaced at the end of two years. 

Several photographers have observed colors in their landscapes; 
but they are the colors of thin plates, and have no relation whatever 
to the colors of nature. 

In a memoir i)ubli3hed two years ago, M. Niepcd has shown how to 
produce red, green, violet and blue photograpns. A fine hhod-red 
color b produced by a solution of twenty parts of nitrate of uranium 
in one hundred of water. The paper, after being fifteen or twenty 
seconds in this solution, is dried in the dark. It is exposed for eight 
or ten minutes under a negative, washed for a few seconds in water 
at 50° or 60° Cent., and then immerst>d in a solution of red prossiate 
of potash, composed of two parts to one hundred of water. It then 
has a fine blood-red color, and must l)e washed repeatedly tiU the 
water is limpid. A (/reen color is obt^iined by immersing the preced- 
ing red ps^r in a solution of nitrate of cobalt. When taken out 
and dried at the fire without wAvshing, iis color will bo green. It is 
th^n fixed by putting it for a few seconds in a solution of sulphate of 
iron and sulphuric acid, each four part<t in one hundred of water. It 
is then passed once through water and dried. A violet picture will 
be obtained, with the paper prepai*efl as above, with nitrate of 
uranium. When it is takt n fi-om U'ncath the negative, it is wa^ed 
in warm water, and developed in a solution of chloride of gold, of 
one-half part to one hundivd of wat^T. When it has taken a fine 
violet color, it is washed several tiincs in v/aler and dried. In order 
to get a blue picture, the i)aper is prepai-ed v/ith a solution of pru»« 
siate of potash, twenty parts to one liuu'h-cd of water. It must bo 
^ken from beneath the negative when the insulated parts have a 
t blue tint, and then put for five or ten seconds into a cold 
[rated solution of bichloride of mercury. When washed once in 
ier, and a cold saturated solution poured upon it of oxalic acid, at 
temnerature of 50° or 60° Centigrade, it is then washed three or 
^ and dried. 

CELESTIAL PHOTOGRAPHY. 

#deds meeting of the BfitkVv Xsso'AaldoTk^Mx.'O^lARiia 
Aoocular lunar pictures, ^\)ic\i, ^\vqxv i^n^ivnfidk vol *Odi^ 




ixipe showed the moon la a, sphere Our readers m\\ tmder- 
.. . juw RUt'li s remarkablo result haa been obtained, by touEidciing 
It binocular pictures of a siatue may be lakcn wiib a fixed camera, 
B round ils axis through the binocular anele, and 
yn. NoTF, though tbo luooa lias not 
& motion oT rotalioii reUtive to tho earth, yet it has a libratorv motion 
through an arcat tffenly-onc degrees, vhich is more tlian suf&cieut to 
give a right and left cya plchirc of it; aiid Mr. De La Rue, having 
taken nboto^phs of her at two epochs of maximum libration, haa 
■Dce^caed in produeiug the wonderful result of exhibiting the moon 
in the atereoec-opo with all the rouudneas of a ephere. As iho stereo- 
»-ope has tho remarkable property of pxhibitiiip: oflects which ore not 
Boen in the single picture, several of the nulinting lines in the anglo 
moon's disc have been found by Mr. l>e La Uuo lo be furroivs, one of 
which, extending from Tycho, is fifty miles wide. 

Mr. Do La Kuc has also taken photographs of Jupiter, which 
"show the conli^ration of thi! belts sufficiently well to afford the 
means of producing stereoscopic pictures." Li the space of twean*- 
ax minutes, the planet wdl have rotated through the binocular angle. 
Mars will rotate through the some angle in sixlr-ninc minutes; and 
ai the markings are very diKtinct, Mr. Uu La Rue hopes to obtain 
nereosct^ie views of that plancL From the opening and closing of 
Saturn's ring, Mr. De La Ruo p.\pecta to obtain a atereodcopic picture 
of him, having already obtained an approximate result from the union 
of two drawings which he had made in November, 1852, and March, 
1856. _ 

^ In the nbotographs of the sun obtained by Mr. Dc La Rne.Tbe 
iriv and the spots, with their penumbra, arc finely seen. When 
I collodion is over-exposed, the fuculie first disappear, then the 
~ mbrtE, and then the spots. The spots aud facula: bear a magni- 
fng power, and show details not visible to the unas^stcd eye. Good 
Anocular picturts, taken at the interval of a day. when united, show 
the sun as a sphei-e in the stereoscope. 

In 1858. Father Setichi, of Rome, sent lo the Academy of Science*, 
in Paris, a photcwraph of tho moon, eight inches in diameter, in tha 
Spvenlh da}- of her age, having taken her picture in various other 
phases. He obtained, lUso, a photograph of Jupil«r, which showed 
Ilia belts very distinctly, and aUo traces of some of his satellites. It 
tocik twice as bng time aa the moon the day alVer the full, no that the 
force of light (actinic rays only) in Jupiter is greater than that of 
the moon, seeing that their distances from tho sim ant as five to ten. 
Father Secchi sent also to the Academy, in tlie same year, a phol^ 
graphic atlas, in wliieh tlic moon's diuniclfr was ei^lit inches, fhtm 
n^'gattves abcnit two inches in diameter, cnlargiil with a (ireat solar 
mi<!rMcope. He had obtained, also, an excellent photograph of Sat- 
urn, wiiii'h, though only the twenty-filth of an inch in ilinniotor, not 
only showed the bhick spaces between the plnnct niid the ring, but 
lAt nhniloiv of the jitanct an llie rintj. It bore lo bi' inagnilitwl 10 ft 
(ll-imctcr of 'one and a half or two iiichc>, mid c«likblislicd two m 
able facta : finil, that the planet w.is " luoi''^ nonibre " than the 
smd, second, thai (ho Ught of tbe jlanet (.llwi ac(ii\k irwj* oaVj^ «»• 



a light of tbe plant: 
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obtained m twenty seconds, and Saturn was solarized in eight min- 
utes, or one hundred and sixty seconds. The proportion of these 
times is as one to twenty-four ; whereas, according to the law oP the 
distance, it ought to have been as one to eighty. Hiis result he 
considers as proving that Saturn has a reflectmg atmosphere, as he 
inferred that Jupiter had, from its superior photogenic power. 

NOVELTIES IN PHOTOGKAPHY. 

Photography by Absorption, — A singular photognmhic process, 
which has been called photography by absorption, has been de- 
scribed by M. Niepcd de St. Victor, under the name of a new action 
€f light. If an engraving, which has been kept several days in the 
dark, and exposed fifteen minutes to the sun, is kept four hours in 
contact with a sheet of sensitive paper in the dark, a negative pic5- 
ture of the enOTaving will be obtained. If a space of one-eighth <rf 
an inch, or a fihn of collodion or gelatine, be interposed between the 
engraving an^ the sensitive paper, a picture will still be obtained ; 
but not if a film of mica, glass, or ropk crystal be interposed. In 
order to show this action more satisfactorily, M. Niepc^ took an 
opaque tube, closed at one end and lined with white paper, and hav- 
ing exposed the open end to the sun for an hour, he placed at that 
end a sensitive paper, which, after twenty-four horn's, exhibited a 
negative image of the opening. The following experiment is still 
more interesting. M. Niepce took a sheet of white paper that had 
been long in the dark, and, having placed it in the camera, he ex- 
poAd it to a picture brilliantly illuminated by the sun. When it was 
taken out and applied to a sheet of sensitive paper, there was repro- 
duced in twenty-four hours a very visible copy of the brilliantly- 
illuminated picture. 

This new action of light, to which M. Niepce has given the name 
of the persistent activity or storing up of light, is finely shown in the 
following experiment : — A negative on glass or paper* is placed on a 
sheet of paper that has been several days in the dark, and exposed 
for a sufficient time to the sun's rays. When taken out in the dark, 
a copy of the negative is brought out by a solution of nitrate of silver, 
and fixed by washing in pure water. 

In continuing these important researches, M. Niepcd has shown, 
that photographic pictures may be obtained from almost all chemical 
actions. If a sheet of paper, for example, is impregnated with any 
soluble substance, and dried in the dark, it will receive an impression 
from a negative when exposed to the sun. This impression will be 
developed if the picture taken out in the dark is treated with any 
reagent capable of transforming the soluble substance, or enterinff 
into combination with it. A result the rovei'se of this will be obtainea 
if the paper is impregnated with the reagent and developed with the 
soluble substance. The salts of gold and silver, the dyes of turnesol 
and cijrcuma, and iodide qf potassium for common paper sized with 
soap, ^re the most important reagents to be employed. If the nitrate • 
of ji^ranium is the sqluble substance, and the red prussiate of potash 
the reagent, the picture will be of a fine blood-red color, and may be 
i£s:c'J by pure water. If the picture is put into a solution of any salt 
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^^B«op{K!r ailbout naGbing. it will araumu difiercut Ehad(.-s, aci^ording 

^^^Ktbu diw^o of beat employed. If the reagent is a pnustato « 

^^^b, the (.'olor of Ibc dctiU'e will be a benxuifiifblae. 

^^^fU'l'^org Photoijrajihi/. — The French Minister of War lias recently 

^^^nded that in earh corps of the amiT there shall be an officer skilled 

in photeraphj-. In every eampajgn he Is to follow the expeditionary 

roF^. To this officer vs assicned two subordinates, in the capacity of 

pbotographic aids, nnd six soldiers are detailed to serve as Mutants. 

Th e apparatus employed is neccstarit^ limited, consisting of objec- 

' M aoapled In long distances, and which can bo easily packed in a 

titoratiim of Faded Plioloijrapha, — The grealeat defect of pho- 
npbv at an art is, that ita pictures arc more perishable than the 
JeruJ which bears them. Many of them, indeed, have disappeared, 
i left the paper on which they were drawn in all its original white- 
This fading of pbotogrnpha has been ascribed, we believe 
', to the imperfect removal by hot or cold water of the hypo- 
^ile of soda used in Axing them ; and for a long tjme photi:^^- 
vbiwe endeavored U> get rid of this injurious salt. It is fortunate, 
r, for the credit of the art, that a method of reviving fkled 
pbs has been discovered, and the TollowiDg process bos been 
I by MM. Dnvanno and Girarrl: — "Place the print in a 
yt chloride of gold, and leave it in this bath for three or four 
I, if shielded from the light, or far a few minutes, if under the 
iw» of the solar rays. In other rcspecls, follow the ordinary 
_.i pass through hyposnlpbite of soda, and the print, hoaever 
srf, will be revived." 
iVw Mode of Copying Engravings. — M. Brettiger suggests a very 
'"'e metbod of reproducing, by chemical means, an engraving from 
plal«. Dissolve in 1,500 parts of pure water 16 
lecntmted sulphuric acid, and to 30<) i>Brts of the 
lOlf part of iodide of cadmium. This last mi.xture is 
d into a dish, and the engraving is unmersed in it, and left till 
J become thoroughly impregnated with the liquid ; it is then 
<l upon folded sheets of white blotting-najicr, on a plate of glass, 
and the excess of mrH.^ture removed from the engraving. It is then 
placed printed nde downward upon a sheet of writing or of pomtiva 
paper, auil placed lu a presi. An imprcision is obtained as delicate 
M that lUrniahed by photograpluc proL'esses. The iodide of cadmium 
""^ he rcplaciKl by iodide of potassium. The reproduction is dutt to 
-Muctwn of the iodine by tlio black in the inlc of the engraving, 
» Hbenited iodine acts upiiii tht' dUnrch with which the paper is 
Tl»e engraving will give a second iniprusnon without being re- 
' "o the solution. Whi'n iho engraving' has been \\»-A several 
love ihc spots that 
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taken with his *' heliautograph," which consists of a camem uid in- 
stantaneous slide, by Dallmeyer, attached to a refractor of 2} inches' 
aperture, by DoUond; the principle being the same as that of the 
instrument made at the suggestion of Sir J. Herschel for the Kew 
Observatory. Three of these autographs were taken on the 2Sd day 
of August, 1862, and two of them had the ed^ of the sun in the 
centre of the photographic plate, showing that the diminution of fisht 
towards the edges of the disc is a real phenomenon,' and not whdly 
due to the camera. In two of the 4tn of August, where a great 
spot (20,000 miles in diameter) appears on the edge, a very distinct 
notch is seen, and the sun appears to give strong evidence that the 
spots are cavities ; but eye obsen-ations and measurements bv the 
Kev. F. Howlett, and others, tend to show that this evidence is not 
conclusive, for there was still a remaining portion of photosphere be- 
tween the spot and the ed^e. The phenomena shown in these auto- 
graphs appear to confinn the views of Sir J. Herschel, that the two 
parallel regions of the sun where the spots appear are like the tropi- 
cal regions of the earth, where tornadoes and cyclones occur, and 
those m Wilson in the last century. The /aculce seem to show that 
the tropical regions of the sun ai-e highly agitated, and that immense 
waves of luminous matter are thrown up, between which appear the 
dark cavities of the spots, whose sloping sides are seen in the penum- 
br«, as explained by Wilson and others. 

By means of photographs of the sun, laken every fine day at the 
Kew Observatory, England, we are now obtaining a continuous his- 
tory of the changes in the spots and faculae on its race, more accurate 
and more instructive than could be procured by any verbal descrip- 
tion or ordinary drawing. By this means, questions relating to tho 
periodicity of these changes, and their connection with terrestrial 
magnetism, will be solved, and likewise those concerning the move- 
ments of the supposed ring of asteroids in the region of Mercury. 

Micro-Photographs. — The Abbd Moigno gives a most enthusiastic 
account of the new method of preparing and exhibiting micro-photo- 
graphs invented by M. Dagron. Afler describing a process by which 
• series of the minute sun pictures are taken in rapid succesrion, he 
proceeds to inform us that a number of cylinders of common or ffint 
'glass are prepared in advance, about five or six millimetres long and 
two thick. One extremity of these cvlinders is spherically rounded 
in a hollow, to transform it into a ma^^nifying lens ; while to the other 
extremity of the cylinder a micro-photop^aph is fixed with Canada 
balsam, and the edges ground by an optical tool to efface the marks 
of the union. This is the photo-micrographic cylinder. 

Photo-zincography, — From the first introduction of daguerreotypes 
to the present tunc, there have constantly been attempts to etch the 
photographic image or to transfer the solar picture to stone. The 
^oto-galvanographic process will be familiar to many, and Mr. Fox 
Talbot's engravings have been widely displayed. From time to time, 
too, photo-nthography has promised great results; but both in this 
country and in Europe difficulties have arisen in practice which have 
prevented succe^. ^Nearly all of these processes have been founded 
on the use of the bichromate of ]^tash va coxiUct with ^latino or 
some aiudogoua oigamc body. 




" Cnrlion-prinling," els introduced into the art of pbotograpby by 
Mr. Poiinoey, mvcJved the use of the bichronialo of potash and pelo- 
tjoo mixed with fincly-diTidcd carbon. Thosu portions of a suriiiDO 
so prenorcd which were screened from solar influence would dissolvo 
entirely off; irheTeai the parts which had undergone ncCino-chcmical 
cbaogt) remained permanent, giving a black picture. 

These ore the Btops which bavc led onward lo the process " pha- 
to-iincottraphy," which has been broujrht lo a hi;t^ uegreo of per- 
fection by Col. Sir Henry James, of iho British Ordnance Surrey, 
~' ■ recently published & work giring a full detail of all the steps 






le operation, with illustratioiis of the results obtained. Tlic pro- 
it sabctantially as follows: — " If a solution of gelatine and bl- 



sabctantially as follows: — " If a solution of gelatini 
tie of potash is spreail on paper, aoit when dry exposed to li^ht 
tibiliT a negative of an encravin^ or a plan, the lines ot the ilrawmg 
tfiU be represented by insoluble liacB on the coated paper; while the 
eronod, having been protected from the action of tlic light by tlio 
dense oepfttire, will remain soluble. If the piaper is now coated with 
y prinler'it ink and damped at the back, the soluble parts will 
Mid the lines will be in int^Uo ; and when rubbed gently with 
nge dipped in gum and water, the ink overlying the s^uble parts 
wain viscid and in a dissolving stale) will l>e removed, while it 
d&erc to the insoluble parts. The engraving or plan will then 
1 black ink, which can be tranefcrrcd to the surface of zinu 
«tOIiab This is the ^t of the whole process ; but, though it ap- 
■n M^imple, in praeiice it requires care and judgment, and many 
_£eultie« were met and overcome before very good results were 
otrtmned." 

AuMitg the illustrations of photozincography given in Sir Ueui^ 
Jamrs ' book, there is, for example, a copy of a page iVom the tbbo 
bbakfp'.-nre of IG23, ivhic^b shows thnt rare and valuable printed 
books may be reproduced with unerring accuracy. There Is also a 
pagB of ihe Domesday Book, which proves that by photo-zind^'aphy 
tin nwst faithful copies can be obtained of ancient nutnuscritits. Two 
of Kranesi's engravings of antique vases, — a part of one of the 
'ings by Volpato of the panels in the Vatican pointed by 
.. «1, — and a reduced copy of an engraving by IXmgny, from 
original, by Raphael, show how truthttiUy, with every luucli of 
Dnginal engraver, such works can be reproduced. 
Tbcn we rememtler the Jaeilities which are offered for copying, 
Varying the scale as we please, of any piinU«I or written matter, 
.ny map or plan, or of any engraving, wo must be convinced iiC 
vmlno of pUoto-iincograpliy. 

PUOTOGKAPHY AHD FOBGEUY. 

ff^ derive from the London Pholographk ^irir* the following arti- 
n tho above subject: — The facilities aflVirdeil by photr^mpliy, 
more especially By pliolo-litlwgrBphy, for cR'ccting forgerieu of 
t not«!S and other doeumeuts, appear to have been i-oii»iilurflli!/ 
m-erlooked by those who are, or should be, most coneerned, Tlio 
soiirvcs of dnnver have been looked for in Ol'bcr i,Vv(uc^uiii^taiWv>A 
mhiumn Afll of tha Ailfiil ctKptiTOT &»>. « ' *" '~ 
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ductions have been feared- In regard to Bank of England uoles, % 
great safcguanl lias been bvliered to exist in tho inimitable chvacue 
of t^e paper, m quality, design of nateMnark, etc. But tince Ar 
robbery of bank note paper tliis rciionco lias vsniahed into thin aifC 
as the genuine itapcr manufactured for the bank authorittea is mn^ 
actually in elreulation as the bnaia of the forsery. Tho bank authut^ 
idea themBelves rely upon the simpUcity of the design and fharBrten 
npon their notes, and upon the mode of printing adopted, ae theii 
(urest protection against imitation. Others maint^n that complexk] 
of design, produced by artistB of tho first ability, is the truest BOttP 
of safety, arguing that, notwithstanding the ekill and enterprise wUl 
have, unfortunately, been engaged in the nefarious profesnon of ll 
fiirger, it must always happen that genuine art will be in advaneool 
the spurious or counterfeit art. It isTurthcr aivued that thif aamh&ti 
persons who would be able, with any ehanve of succew. to imitaw ii 
detrigtis of genius, must necessarily be very few, and " these," M h 
ftrguod by an old writer on the subject, " by the 'legitimate ui 

their tuli-nta, can aequire eompetcnec ; thoy, therefort', arw not 11 .^^ 

to employ their time, or risk their lives, in felonious imitations. 'S$]f 
if, in the perversity of the liumaa mind, a firrt^rate artist irers Ir" 
olined to turn foigcr, he could not then do it successfully, beewu 
even in tho very fu^t rank of historical cngravens one cannot inutai 
the engraving of another in a work of imjiortance without the <Sffv 
ence of manner being vinble." 

Adopting those and similar arguments, the bonk aulhoridk Ittvi 
held, w<i believe, that their ponition was impregnable, and that tJ 
precanlioos against fbi^rica of their nol«s were as complete se it w 
m the nature of tilings, or at least in the present statu of EciewWt p( 
nble to make them. Moreover, they may, and we believe do, atga 
no forgery has ever yet been executed which they could not An 
selves detect ; and as they could only become losers by conntarfli 
produced with euoh skill as to deceive their own tellGrs, and iodoi 
them, without question, to convert them into spei'ie, they warA B 
called unon to entertain further anxiety upon the subject Hi 
believe tliat their own safety from deceptfon is absoluti?, and that, I 
the public safely, they have done sufficient, or, at least, all thai yr 
possible ; and there Che matter must rest. 

But tho imitation produced by phot<^nphy is absolute in all ii 
parts. The most complex deugn of the rooKt skilful artist ii oi " 

Eroduccd as the most simple common-place production of the g. 
ungler. The secret marks, however unobtnmvc ; the ognatun, B 
matter how marked its individuality or character, are all unenugi( 
]>nxluced by the lens and camera, in the negadvoim«ge. Theordinar 
silver print fivm such a negative, it is true, whilst it might decrivt 
, loine persoDB if well exccut^, would speedily bo detected on carrf 
'=-- •- is for this reason, we doubt not, that the subject b 



f received comparatively little attention, and excited no apprehei 
hitherto. But this is not tho real danger. It is liom the proc«i 
of jiboto-lithograpliy, phota-glyphograpby, and similar ptoceMei, 
which photographic impressions can be produced in printer*! ipk, 
the vcTj' material, and of the exact' tint, of the onninal, that I 
danger is to be apprehended-, aLiid iJiax, &B.a^n n.— .—. a^-^ 
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BOtliori^cs tbemsclves as nell as the public, for it is possiblo to pro- 
dare, by these means, imitations, which not the most skilful teller 
or [he most practised expert could detect or make oath as to the 

Let us take the case oT photo-zinco^aphir, photcr-litbograph^, or 
the processes \vhich hare at present attaints! the highest state ol pei>- 
fu^tioo. The reisulta of these processes, in the shape of /acsimilai of 
maps, engravine^, manuseripl;. puces of prioted books, etc, were es- 
Iiibitcd at the Tnlernalional Exhibition, in a fhnpe to absolutely defy 
dete<'tioii aa copies. But it it mud that the iDvenlois of these new 
prnccHCS an gentlemen from vrhum there is no danger of forgery. 
But their processes arc made piblic, and not only may be, but 
."Usually are, practised by others. In fact, Mr. Osborne, the inventor 
of photo-lilhography, vishinjr to call the attention of bankera in Mel- 
bourni? to this danger, produced to them photo-lithopraphic copies at 
wliich they admitted they nould be unable to repudiate the geniune- 
nesj. Any color of ink, resembling either printing or writing ink, or 
«ny number of colors, may, of course, bo easily produced, so that an 
actually written signatunj, instead of the printed signature now used, 
would not bo an a^lutc safeguard. 



Wo do not enter at present into any_cxtended 



1 of the 
m by which such fot^rics might Se prevented, our object being 
ratber to call the attention of those concerned to the existence ana 
imminence of the danger. The means of prevention require corefiil 
consideration, and arc not so eas^ and simple as might at first »ght 
appear. Some years ago the subject came under consideration in tha 
Inited States and in Canada. Colored inks were employed (or some 
Lrts of fhe note, and black for the other ; but it was found that the 
<j|i-r«il inks, not possessing, like black, a carbon basis, were coajfy dis- 
' liarged by chemical means, and phot^raphic copies of the remainder 
i-a^ly pnxluced. the colored portion beinn; supplied by a subsequent 
operation. TUs difficulty was subsequenUy met by the use of a srcen 
f the oxide of cliromium, which resisted the action of chcm- 
A geometrical pattern in this color was printed first 
jr the paper, and the value, denomination, etc., of the note, sub- 
Mitty pnnteil upon that in the usual way with black ink. This 
as etreetua) check to onlioary photographic imitation, but it 
d bo little or no check to the plioto-lithe^rapher, whose art would 
all him with means of cvadbg this dillicult}-. A variety of moans 
Bil be su^cste'l of making the imitation ihfficult, but they woohl 
onsiileration Ihiui we can now give to the subjecL 

DtCWMETUOU OF MAf CONttTUtJCTION. 

meeting of Iho Franklin Instiinte, Mr. Sartain, the well- 
iver, cxhibitt'd a map, devised and executed on a new 
EgluOiilein, for illustrating the labors of the United 
n Kir c.\ploriiig the Coloriido Itiver of the West, 
[loBatcin. the tojiograplier of the oxpnlition, conceived 
LSodL-uvoring to giv« his map the appearance of n m 
of the cuuntry ; aud to du lluft \ui W»!ia ^on %xmi» <£. 
aytht would draw any fana.W " 





186 ANNUAL OF SCEENTIFIC BISCOYSBT. 



: 



^ving the real light and shade that would be deyeloped by the B^ 
illing on the model at a suitable angle. The mountains nave tfer 
shadow-side engraved in the usual manner by ^^hachwres^ bat the 
light-side is only slightly tinted in parts, to develop detail of form, and 
is brilliantly relieved by a tint spreading over the level plain like an 
India-ink wash ; this tint is made of several grades of strength, in- 
tended to show the relative altitude of the several plateaus over which 
it is spread, the lowest or alluvial lands having the darkest tint, and 
the loftiest table-lands having the most dolicato. 

The result in the present map is bold and striking, showing at a 
glance the nature of tne whole countr}', enabling any one to perceive 
the character, prominence, and relation of the uifFercnt parts. 1^ 
region of country has features unsurpassed in their kind tor grandeur 
and sublimity ; the Colorado of the West flowing for 300 mnes of its 
course through cauons whose sides often rise perpendicularly from 
3,000 to j5,000 feet in heirrht; while the "Great Canon of the Col- 
orado ** is the most magnificent jrorge, as well as the grandest geolcgi- 
cal section, of which we have Any knowled^^e. For this region m- 
lofistein's system of mapf)ing has unciuestionable advantages Its 
freedom from conventionaHty and trutli to nature give it a power, 
unattainable by the old syst«m« of repreeenting forms so that they 
are intelligible to every eye. The French, at one time, used a sya- 
tem of topography similar to fhis. It had light-sides and shade-ddes 
to the mountains, but they did not tiiit the level plains, on which so 
much of the character and beauty of this style depends. 

M. FAYE ON SOLAR REPULSION. 

The following paper by the well-known French astronomer, M. 
Faye, is translate^} from the Compt,fS lienr/us^ March, 1862 : — 

It follows, from a consideration of all the facts relating to the ac- 
celeration of comets, and of the fonns they assume, that there exists 
in celestial space a repulsive force, exerted by the surface of the 
sun ; that this force is due to incandescence, and operates like 
attraction at all distances. The phy.<ical phenomena which surround 
us afford striking indications of a force of this nature, and wo can 
put them in evidence by cau!>:ng an incandescent surface to act under 
the conditions which are revealed to us by the study of astronomical 
eflects. There is thus an identity betwt?en the two forcw which 
have their origin in heat, just as theiv is an identity between celes- 
tial attraction and tem^trial attraction, as shown by the fall of 
heavy bodies in the celebrated experimeuts of IMaskeleyne and Cav- 
endish. But repulsion exerted at a distance bv an incanchiscent sur- 
face cannot be a difierent thin'z fmni the molecular repulsion which 
is t»quallyduc to heat, — the for.-e to which physicists attribute the 
j)]ienomena of dilatation, of ch.ui'res in the state of liodies, and 
their elasticity in the gaseoiu* form. We an*ive then at ll:e conclu- 
sion that there exists in nature a force not less general than attrac- 
tion, and which, h'ke attraction, maniiests itself in celestial s(>aces, as 
> well as in molecular intervals. 

There iSf however, a difticully w\uc\\ se^ma \o av\*3«si ^\v4 <:92r&o^^!Xi^ 
^nti£caUon. The molecular te||uis\ou Olxwi \o Yicafc >aaa ^nivj^ w«^ 
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B a finve wbieh dlitappeaRi At an; appreciable dislsnce 
Ann it* centTB of action, and it has ihia oharaftpr, vliethcr we admit 
Willi Nowton an inliirruptioti of rontinuity, or prcri?r to bate rc- 
MOtM wili Laplace to the remarkable hvpotbeslB of forces whoae 

■pbem of octtTity does not exu-nil to senninlo distances 

Lm^laee tinu espresKs himself on this subject : Ai\eT having caloo- 
laMd the prewnrc in a ^aseoiu m«?», boandcd hy h sp!iorii'al euvelope> 
in accodanoc with the liypothe«is of a rcpulfilvu roii'« with au indefi- 
lute ipbere of ^rtivit)', lie sbnw.i that Ilic law of rcpulnion adopted 
by Newton is far from representing; Ihe conditions wbieh this con- 
atant preamre exhibits, and he then remiirks; " This {^at geometer 
does indeed aasign to this Inw of repulsion an insensible sphere of 
actiTitr; but thu manner in which he explains its wants of continu- 
ity b uttlu satisfactorf. Wc must, without iloubt, admit a repulsive 
tint between the molecules of the air, which is only operative at 
bnjKTeeptiblc distances. The difficulty consist! in deducing from it 
the laws of L'lailic llaids, and this can only be done by the following 
considerationB." Tliesc cuniiiderations take for their point of depari- 
DK the tbrmule by wliieh the mutual attraetiou of sphcrieal bodiea 
is deiermincil, and a simple change of sign cnnblcB us to paM from a 
ease of attrai:tion to one of rvpul^ion. 

No oni.' wilt deny the oece^ty for this narrow limitation of the 
qibere of activity assigned to molecular tbrec, but must we therolbre 
tmclude with Laplace that it is a special force, distinct from the 
gmtt fori'cs of nalurc, which operates at all iliBlances? No. It Is 
c»sy to see that the repnLiion due to heat, anil defined by iu astro* 
Domical chAractcni, exhibils precisely the phenomena of forces with 
tn insmeible sphere of activity, although in free niace it operates at 
all (UiUim'ea. That which conceals the true explanation is, that our 
muids, for a Ion); lime habituated to speculations on Newtonian 
aitrai'tion, experience a difficulty in considering forces of a totally 
different nature, and if we apeak of repuIiHon we conceive of it only 
as an attraction with a change of sign, and philosopheiB like Bessel 
only fvv a uc|ntive attraction lii the repulsion so vmUy oxcrt^ by 
the sun. But it is not so. Solar ivpulaion, as exhibited in the travo- 
menU and figures of comets, dill'crs widely fium a negative attrac- 
liun, first by its successive projiagntion. and, secondly, that it does 
not pass thriDUgh matter as l.lie Bllructivc force doe*. It is in 
(his last characteristic tliat we find the key of the difficulty, and it is 
in harmony with all the evidume collected in my reaeaa-hes, and on 
which I have had lo insist no ulien dui-ing<hu Inst three years. For 
if wo consider the ooenlial eliarai-ter of tho I'epulinve fbrec, we shall 
e.lnly perceive that it assume] in all IxHlics the conditions of a force 
with an insensible spheru of activity. Harh mulei'ule of a budv is in 
fact surrounded, at an liia[)prectablc disltuii'c, by other inoTeiulcs 
which receive iU repubiive inlluencu, anil at the same time behave (o 
it like a st'reen. And as these molei-ulis are not raathcmatioal pinnts, 
and as their iliiiiiOiirjiH are considerable when ewupared wiUi iho 
iiiicrml- ivKiili ^■■|^,1^ilto them, the repubion duo to heat — an 
aciioti or^iiii'.i I . <'\!i.ii]iline itsclfon the surface of the body which 
ii iftw-f*^ "ill liiiil jisciT wnslbly TeduvuV \»^(M\!ll *i\ft tasivVi >& 
^^» atoiei-ulis' Kirvmadia^ aitli centre of u^tiinv, VJt mikj taSCwtt 
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oonceiye that the radius of this boundary, that is to say, the sphere of 
activity of each molecule, may be equal to a definite number of times 
the interval between the several molecules, and thus, belonging to the 
tame order of minute magnitudes as they do, may be eqoalfy inap* 
preciable. To this remark, M. Fa^'c adds in a note that, iniiead of 
Dcing an absolute quantity, this radius may depend upon temperature, 
end he then observes : Thus the repulsive force which acts at all dis- 
tances in celestial spaces finds itself reduced in the interior of bodies 
to an action at insensible distances, and consequently, in all that 
concerns the mechanical action of heat, a special hypothesis, like that 
of Laplace, is useless, as ever}'thing is explained on the supposition of 
force distinct from Newtonian attraction, but not less general in its 
operations. Is it not remarkable that we have to seek in the heaTens 
for the essential tiharacteristics of the two great forces which govern 
the material universe ? 

CONSERVATION OF ORGANIC FORCE. 

In 1842 M. Mayer, guided by his knowledge of the correlatioii of 
the physical forces, first deduced the general principles of the oonser- 
Tation of organic force, in which he was followed, in 1855, by Profl 
Helmholtz. For machines there is necessarily a motive power. The 
machinists of the last century, imaware of the law of conservation 
of force, sought to fmd out perpetual motion, and they thought they 
had examples in the bodies of every animal, where motion seemed 
produced everj' -day without any supply of mechanical power. Com^ 
pare, then, Hvmg bodies with a steam-engine (and the comparison is 
accurate) ; they take in food — the equivalent of fuel — in the form 
of inflammable substances, as fat ; hydro-carbons, as sugar ; nitrogen- 
ous substances, as albumen, flesh, cheese, etc. ; and so, also, they take 
in, by respiration, oxygen. 

Living bodies give off, like the steam-engine, the products of com- 
bustion. Suppose we weigh an animal on two occasions, and find it 
exactly the same weight. In the interim the animal must have taken 
in food and oxygen, and Kave given out carbon, nitrogen and urea ; 
therefore, certain quantities of maUrrials have been combined witli 
oxygen, and have produced the same results which would have been 
produced in an open fiiv, with thisi only difTcrence, that oxidaticm goes 
on slowly in the human body. For the amount of work to be done, 
it is immaterial how thi» process goes on ; the amount of work is the 
equivalent of the i-hemic(^l process or conibustion performed. When 
an animal is reposing, heat is prodiK*e(l, and its quantity is equal to 
the quantity of food digesled, or to the amount obtainable by burning 
that quantity of food. Experiments to prove this are difficult to 
make, but they have been attempted, and the results obtained are 
within one-tenth of absolute corroctncsy. 

If the body be not reposing, itj? muscular exertion is the equivalent 
of mechanical work. Then* are many difierent kinds of muscular 
work, but the greatest amount of muscular or mechanical work b 
performed on the ti-eadmill, or in goin«j up a hill, in which the YrhxAe 
weight of the body has repeatedly to ue ra.\a^d \ vw the latter case to 
ascend the dechVity, in the former beeaxisKb \)iEi<&\:^<t v^\Av^^»k^<ic 
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tlie treadnull, is constantly going down nnder the fect^ In ascending 
a hill, tho respiration is greatly increased, and is far greater tlian 
arises from muscular exertion on a plain. It would appear that in 
sncb muscular action more force or energy is excited by ihv. increased 
decomposition of tho body than is required for the mere mechanical 
w<^ peribrmed, and that sometimes as much as four-fiflhs pass off in 
the fonn of heat. 

So, also, electricity can be changed into mechanical work ; but in 
this, as in all other cases, the work performed is only equivalent to 
the force applied. The philosophers of the last century thought that 
the Tital principle was antagonifrtic to inorganic laws, and, l)v suspend- 
ing their actions, maintainccl the body in life and health ; but it has 
been reserved for the present generation to show that the same laws 
of physical force which are indissolubly linked and correlatcKl in tho 
inorganic world arc also the mainspring of the wonderful actional 
piroperUes of life, and that from chemical and destructive changes tho 
source of the mechanical powers of animated beings is obtained, and 
which force or energy is never destroyed or obliterated, — all organic 
nature being, cqual^ with inorganic, subjected to one universal con- 
serration of force. 

HEARING WITH TWO EARS. 

M. Purkynie has communicated to the Bohemian Society of 
Sciences some interesting experiments upon the pKirception of sound 
by the ear. Two India-rubber tubes, formed at one end into a hear- 
ing trumpet, were introduced, one into each ear, and two persons 
spoke at the same time into the two trumpi^ts. Some time always 
oapsed before it was possible to distinguish the words on either side, 
or even on both sides at once. When the tubes had several branches, 
so that more than two persons could speak at once, it was impossible 
to understand their words. When two tubes were united into one 
trumpet, the sound of the voice was liennl always as if it existed 
inade the head, upon whatever side the ))erson speaking was placed. 
By this means wo mi(;ht examine the relative sensibility of the two 
ears, fw, when they differ, the »ound appears to reside m the head, 
nearer one car than the other. M. Purkynie thinks that the illu- 
■on in question may be explained by the stnicture of the «iuditory 
conduit and of ofher parts of the organ of hearing. With two tubes 
communicating with the two ears, M. Purkynie could not succeed in 
associating two vowels so as to hear a diphthong. But by adapting to 
one car a tube with two branches, each vowel assoi-iated easily with 
every other, and diphthongs were heani perfeetlv. In the same way 
two sounds, such as s and a, / and o, etc., miglit bo confounded in 
srllables. Two musical sounds, when heard by tho tube, produced a 
third tonc^ by combination, which appeared to have its scat in the 
inade of the head. 



CHEMICAL SCIENCE. 



THE DIVISIBILITY OF HATTER. 

The divisibility of matter is a subject which has been freqaendjr 
treated of and reasoned upon ; indeed, in most works on physics or 
chemistry, iUustrations are given of the extraordinary degree of sub- 
division to which bodies may be brought by mechanical means. All 
those illustrations have, however, stopped far short of the limit attain- 
able by mechanical means, and indeed have been merely ^ven to 
illustrate extreme subdivisions without pushing the subject to ita lesitr 
imate extent The following experimental illustration shows what 
iniinitesimally minute quantities the natural philosopher is capable of 
working with and rendering evident to the senses (or rather sense, for 
sight alone can appreciate tnein), and will also show how conventional 
are the ordinary ideas of magnitude. 

We will start with a sheet of gold leaf This consists of metalKe 
gold beaten out into a film of about ^gi A ^^Q of an inch in thicknesa, 
measuring 3.375 inches square, and wcfghing about 1 of a grain. A 
single square inch therefore weighs -^ of a griun. Now, Faraday, in 
his beautiful researches on the relations of gold to light, has shown 
that it is possible by chemical means to reduce this thickness vcrjr 
considerably, still preserving the metallic continuity of the film. This 
is readily effected by breathing on a clean plate of f^lass and then 
gently placing on it a piece of gold leaf; the latter will adhere to it, 
and if aistilled water be immediately applied at the edge of the leaf, 
it will pass between the glass and gold, and the latter will be peribctly 
stretched. Upon now draining the water out, the gold leal will bio 
lefl well extended, smooth, and adhering to the glass. If, after the 
water is poured off, a weak solution of cyanide of potessium be intro* 
duced beneath the gold, the latter will be gradually dissolved away, 
becoming thinner and thinner ; but at any moment the process may 
be stopped, the cyanide washed away by water, and the attenuated 
gold mm lefl on the glass. If, towards the end, a washing be made 
with alcohol, and then witli ahrohol containing a little varnish, the 
gold film will be left cemented to the glass. By this means the thick- 
ness will have become reduced to about ^V part of what it was ori^ 
nally, weighing, in round numbers, about ^ J^^ of a grain to the square 
inch, and being only about 77^^77^^ of an inch in thickness. Hie 
lihu in this condition, altliougfi consisting of ]>ure gold, presents none 
of tiie ordinary appearances of the mvtil, Ikmhs^ pi-rfc'tly transparent, 
and resembling a delicate film of polo ^j;:*e>*:i \arui^!i more than a 
dense mctaiiic body. 
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HftTinff now obtained an extremely thin fiiin of gold upon a plate 
of ^ass^uid that it b continuous and mct^nllic has been nm[)ly proved 
IrTaniday), let us see how far it is possible to subdivide it by me- 
raanical means. From an examination of Nobort's ix^st pfaU*, it is 
■cen that it is possible to rule lines with a diamond point on glass so 
close together that upwards of 90,000 of them are comprised in the 
space <M one inch. The apparcnt limit of vision in the best micro- 
scopes, aa tested by De la Rue, Qii^'kett, and Ross, <loes not, however, 
r[^ach beyond lines separated t^}^ of an inch. Let us, therefore, 
cut oar square inch of ppVl on tne ^iass plate with lines this distance 
nrnrt, ana crossing each other at right angles. Tlic whole inch will, 
therefore, be divided into 6,400,000,000 scjnares, each of which is 
cipaUe of being distinctly sct»n under ade<juate microscopic power. 
Wnat now is the weight of each piece V The square iuch of gold 
weighed at the commencement ^ ot a grain. By tlie action of cyan- 
ide of potassium it was diminished in thickness until it only weighed 
yIy of a grain. ThLs has now been cut up into 6,400,000,000 separate 
pieces, each of which, then^forc, weighs no more than ^ 34000^0005^0 
of a grain ; or, in other wonls, a single grjiin of gold — a fragment 
about as large as a good sized pin's hea<l — l^as been divided into 
three billion eight hundred and forty thousand million separate 
pieces, each distmctly visible to the eye ! 

The mind is quite unable to attach any defmite significance to these 
figures without artificial assistance ; but it may, perliaps, enable our 
naden to form some faint idea of the minuteness of tne sulKlivision, 
when we state that each square bears aix)ut the siirae proportion to 
the original gradn of gold that a thimbleful of water does to a building 
fire times the size of St. Paul's. How insignifi rant do our ideas of 
neat and Nnall appear in the contemplation of such overwhelming 
ilgores as these ! In the elofjuent words of Dr. Nichol, " Great and 
Ettle, in truth, seem in creation alike terms exj)resi»sing merely rela- 
tion to us, and vantBh in the universe of the infinite God." 

DETECTION OF MO.OOOtu OF A MILLIGKAMMR OF QUINIA. 

M. Flucker, of Geneva, calls attention to the fai t that by means of 
the fluorescence of sulphate of quinia in solution Ave may be able to 
in^cate the presence of this substance in mo^t AvondeHiilly minute 
quantities. ** One is able," he «\ys, " to disc-over thi'ough the n?action 
of aimnonia and pnissiate of potash -^-^^j^ to i^Jttt ^^ quinia. When 
inlphuric acid is in excess, the thion.»scenfe is obstTvable if then*, be 
but ^tnAnnr ^^ quinia prest»nt, when you fill a common test tube with 
the solution, exj)osi» it to the sunlight, and hoM a pic-c of black paper 
against it. At a liii^lier dilution, tlie iluorcsccn.'-e disap{K*ar8 to the 
vyo altogether, but it becomes visible r.t once il* a pencil of rays is 
made to fall verticallv, or even ol)'inuelv, tIii*ou'>h tlu» tube, when the 
outline of the convei-ging rays is cl(»arly olwervable, when the solu- 
tion of sulphate of (piinia contains onlv "jffj^.rTTff '**' a!«kaloid. Yet this 
nsa:tion is so extremely acute, that hy v^ry favorable light and a 
carefu! manner of proceeding (strong niagniiyinu iuIh» of the utmost 
pn^ible focal distance, pure white glass, and dark b;i"]:gi'0und), the 
ipAin ^^ saAod ^'omoB visible. In this wjvy otvv, vsxtv tNTs:AM\A's 



192 ANNUAL OP SCIENTIFIC DISCOVERT. 

discover ^ ^^ to -r^ psti^ o^ a milligramme of qQimne. Thb ex- 
traordinary sensibility exceeds anything that the atoalysis of the alkar 
loids has furnished to this time, the reactiops of strychnia only show- 
ing a close approach to such great acuteness. 

THE NEW METAL THALUUM. 

This new metal, it will be remembered (see Annual of ScienHfic 
Discovery, 1862), was discovered last year by Mr. Crookes, of England, 
by means of the new process of spectrum analysis, in the rosidnnm left 
after the combustion of sulphur for the manufacture of sulphuric arid. 
Tlie name thallium is derived from the Greek daX?J^ or Latin f^of- 
lus, a budding twig, — a word which is frequently employed to ex- 
press the beautiful green tint of yoiin^r vcgetatlop, chosen on acooont 
of the green line which it communicates to the spectrum, recaUing 
with peculiar vividness the fresh color of cnrly spring. 

From researches undertaken by ^Ir. Cixx?kes, since the first di«cov- 
ery of this new body, it would appear to be by no means a very rare 
substance, as he st-ates that he has found it in many mineral ores 
from various localities. It was present in more than one-eighth of the 
specimens in a large collection of cupriferous p}'rites from different 
parts of the world ; he has rarely found it, however, in pyrites in 
which copper was absent. In most cases it is only necessary to 
powder a small fragment of the mineral and ignite a little of it in the 
flame on a moistened platinum wire, when the green line is distinctly 
seen in the specrtroscope. ^Ir. Crookes thinks that in some oTtae 
large English copper, sulphur, and sulphuric-acid works, thalliom is 
now thrown away by the hundred-weifrht. A slight modification of 
the present arrangements of the furnaces and condensing flues, or 
even an examination of some of the residues, would enable nearly the 
whole of this to be saved. Owing to lht» frequent occurrence of thalr 
Hum in copper ores, it is very probable that this element may som^ 
times be present in commercial copper, and may give rise to some of 
the well known but unexplained differences of quality. 
' The following, according to Mr. Crookes, are the properties of the 
new metal : " In the pun> state it is a heavy metal, bearing a remark- 
able resemblance to lead in its physical properties. Its specific grav- 
ity w, however, higher — alx>ut twelve. The freshly-scraped surface 
has a briUiant metaKic lustre, not quite so blue in color as lead, and it 
tarnishes more rapidly than this latter metal. It is very soft^ being 
rcadilv cut with a knife and indented with the nail ; it mav also be 
hammered out and drawn into wire, but has not much tenacity in thb 
form. It easily marks papt»r. The fusing point is below redness, and 
with care several pieces may be melted together and cast into one 
lump. ^ There is, however, generally a loss in this operation, owing to 
its rapid oxidation. The metal itself does not appear to be sensibly 
volatile below a red heat I have made no special attempts at present 
to dcti^rmine the atomic weight, although, from two estimations of the 
amount of sulphur in the sulphide, it appears to be very heavv. The 
figures obtained did not, hoM-ever, agree well enough to enable me to 
5/)eak more definitely on this \>omt vKrcn tl\;\t I bcUevc it to bo above 
onr hundred. Thallium is soUuAo m Tv\\,T\c^WVK»i\\wv^^KcA ^^^^ 
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ri(T acids, the fanner attacking it with grcatost foorej, with evoladon 
of red Tapora. It forma two, luxl probably tbrce oxiilea, one of thein 
lassewng boMc propi-rtjes. When a lolrrahle quantity of thallimn u 
held on d loop of platinain wirt? in a ftaiae, it impniis to the flame a 
miBt brilliant preen i^Ior, and to sunnunclinE: objei'ts a vpij exlraor- 
liHAiy appearance. If the mctnl could be obtained in quantity, this 
.-. idy meant of obtaining an intense, honxwcncom green light uould 
'»>[ lail of being applieoblo to lome useful purpose." Acrarding lo 
-'■Ir. Cnnkea, ilproauces the limpUst spectrum of any knorcn eUmenL 
riioaretical inquiries into the cause of the spectrum lines, and their 
I'Ucion to other constant* of an element, may lie facilitated now we 
-)i)w a melal which gives rise to luminous vibrations of only one 
it'^reo of rc&angibility. The remarkable simplicity of the tballium 
ipcctmin oflcre a strong contrvt to the eomplicatcii spectra given by 
meronry, bismuth, and lead — the metal» lo which iL has the mort 
chemical resemblance. 

Tie nosition of the gre<™i line iloea not coincide with any definite 
line in the solar spectrum. According lo Kirchhoff's theory, we mutt 
flierefore assume that thalliom Lh not present to any great extent in 
tbc stin. Under the highest telescopic power of my apparatus, the 
line apnean to be abeolutely identical in refraDgibluty with a sharp, 
I vtU-dnnned line in the barium spectrum, to which Professors Bunsen 
^^HdKirchhoS' have given the name Ba^. 

^^^bDn >pectRil green line is an e.tqulsitely delicate test for the pres- 

^^^Ep of thallium, and shows it to be a Mmcwhat widely distributed 

H^VrmbL Many specimens of crude sulphur contain it, especially 

^ wi«i mther dark-looking. In most cases it Li only neceasarv to set 

' fre to as large a piece of sulphur (less than a pea) as the platinum 

iT"p will bold, and when it has nearly burned away, to blow it ont, 

.lid then introduce it at leisure into the flame of the spectroscope, (or 

^hi- thallium to show its presence hy a bright-green line which fiU 

flash for an instant into the field of view. 

A KEW UETAL IM NATIVE PLATIKirM. 

Prof Chandler, of Union College, in a note to SiHiman'i Journal, 
■Utes that some time ago, while examining native platinum from 
Bogue River. Oregon, he " became convinced of the probable exist- 
ence of a hitherto unobserved metal. I have deferred publishing toy 
observations, hoping to obtain material for a move complete exanuna- 
tion : in this I bavi^ thus far been disappointed. 

" Tlie qiiantily of platinum cxamineil amounted to only a few 
frrammes. It was digested with hydrochloric ai^id to remove impuri- 
tica. and the M)luiioa thus obtajoed was subji!cl«d to the ordinary 
routine of qualitative analyus. 

" A brown preeipilala was produced by liydrosulphuric acid, which 
disBolTcd readfly in hydrochloric acid on the addition of n crjitol of 
chlorate of polussa. In this solution roelallie zinc produced a pre- 
cipitiile which resembled metjdlic tin, obtained under iiimilar circum- 
Itances. Tilts prcL-ipilate dissolved readily in hydrochlorit^ aelil od 
tlie applieatiou of heat, but the (oiulion thus obtained bad no eSbct 
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on a Bolutkni of protocbloride of mercury (HgCl), and on oodbg 
deposited a small quantity of minute crystals. 

"< The chloride of this metal differs, therefore, from tlie iirotoeUo> 
ride of tin, in not reducing protochloride of mercury to cakwid, and 
in being but slightly soluble in the cold. 

"In 1852, Dr. F. II. Gcnth announced the existenceof aneur metal, 
occurring among grains of platinum received from California. ^ It 
was maUeable; it fused readily on charcoal before the Uow-wpe, 
becoming covered with a coating of black oxide; it diflsohred m 
borax to a colorless bead, which became opalescent on cootinff;ik 
was dissolved by hot hydrochloric acid, and by nitric acid; ana its 
solution gave a brown precipitate with hydrosnlplimric add. It 
seems quite probable, therefore, that the metal which I have obsenned 
in the Rogue River platinum is identical with that observed by I^. 
Genth." 

DIFFUSION OF BUBIDIUM. 

M. Grandeau discovers this newly-recognized metal in coffee, tea, 
tobacco, grapes and crude tartar. The tobacco employed came fixan 
Kentucky and Havana. The leaves were acted upon by water, 
which was evaporated, and the residue calcined anci tested by the 
method of spectrum analysis, which indicated potiusium, a small 
quantity of lithium, and a notable proportion of rubidium. Coffee is 
■till richer in rubidium than tobacco; but, as is the case with tea, 
yields no trace of lithium. He found no rubidium in colza, ooooA' 
and cane sugar, nor in certain kinds of fucus. 

NEW INFLAMMABLE GAS. 

At a recent meeting of the London Chemical Society, Dr. TMt' 
mann made a communication on the preparation of a spontaneoosly- 
inflammable gaseous compound of silicon and hydrogen, which pos- 
sesses many points of interest. He stated that it has long been 
believed that silicon belongs to the same group of elements as car- 
bon, but though the normal carburetted hydrogen, CtH4, has been 
long known, indications only of the existence of the corresponding 
nlicon com{>ound have been attained, and these qoito recenthr. 
Berzelius pointed out long Sisq the existence of a body which be 
believed to contain hydride of silicon, — it was a solid, however, not 
a gas, — - and will probably turn out to be the hydrated oxide of 
silicon, since obtained by VVohlcr. It is to the latter chenusi that 
we owe the recognition of silicurcttcd hydrogen. While m^lring 
some experiments upon the decomposition of water, he employed a 
plate of metallic aluminum as the negative terminal of his oaUeiy ; 
and was surprised to find that instead of pure hydrogen being evolved, 
as is usual with a platinum plate, a gas was evolved which inflamed 
spontaneously. Upon investigation this gas was found to be com- 
posed of hydrogen and silicum, the latter being an impurity in the 
aluminum plate. Since then the following plan of making this gas in 
%nco has been devised: Take eighty parts of fused chloride 
pesium, seventy parts of «\Vv!o-\\>ioxv\& ^ ^c^awwnwi > fiirtf 
flodium cut into small \Accc*, axiOi Vho-mv-^ ^^lasNa «m^^ ^«^ 
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e of potassiom and sodium. These inarcdieiits are mixed 
together dr^-, placed in a clay crucible, and quickly healed to red- 
ness. When the mass is fused Uie crucible is withdrawn from the 
furnace, broken, and the slag remoYcd. Tliia sb" servcH. by reason 
of the nlicidc of maenesium whii'h it contains, tor the preparation 
of the desired gas. It is necessary to break up the slog into fras- 
menta, and act upon them under water with strong liydrochloria 
acid. TliG gaa, the composition of which si^ou to be Si,ll„ is at 
once liberated, and may be colietted over water or mercury. If a 
babble of the g^ be allowed to escape into the air, it burst* into, 
dame with explosive violence, a wlute, hollow, cylindrical ring of 
smoke ascends, rotating, tindulatii^, and widening as it goes up, and 
distributing, when it breaks, a multitude of fine flakes of dry silica. 
All the appearances noticed remind the spectator forcibly of the 
phosphiiretted hydronen, but there is no offensive wnell produced. 
When the gaa is Icfl long in contact with water, the curious hydratad 
oxide is formed, to which we hove already alluded. This substance 
is white, and when dried and heated in a tube scintillates just like 
the analogous substance obtained bv the oxidation of graplute. 
This osldo of silicon hias the fonnida SijlI,Oj. 

ARTIFICL4L FLUHBAGO. 

For some time past. Dr. Craco Calvert, F. It S., has been engaged 
in experimenting upon the composition of n carboniferous substance 
existing in gr;^ cast iron, or, to use a more popular definition, in pro- 
ducing ptiuubago from cast iron. The efTecI of his experiments has 
been to arrive at results which throw much light upon the chemical 
composition of the substance, proving it to bo composed of iron, car- 
bon, nitrogen, and silicium. The substance occupies exactly the 
■aine volume aa the cast iron from which it is obtained, and is suffi- 
ciently soft to be eanly penetrated by a blade. The OMxle of experi- 
menting pursued by Dr. Calvert conasted in placing cubes of Staf- 
fordshin- cold-blast cast iron in corked bottles, with ebhty limes their 
Toluroe of weak solutions of the following acids: — Sulphuric, nitric, 
hvdnx'hiorie, acetic, oxalic, tartaric, and gallic Besides tJieae, phoa- 
pdoric, <'arbonic, oleic acids, tannin, and acid peat-waler, were also 
used. Aflcrr three months of contact, he found that although the 
cjtteniBl appearance of the cubes was not changed in any of the ve»- 
•ela, still those in contact with the weak sulphuric, hydr(>chloHc, and 
acetic mid solutions, especially the latter, had become m soft cxler- 
nally that the blade could penetrate three or four miUimetres into the 
culiea. He therefore removed the solutions from the vcsseU, and 
replaced them by an equal bulk of each weak acid solution, and con- 
tinuin) t« do to every month for two years, at the end of wliich tira« 
the cubrs in contact with the acetic acid ceased to yield iron to the 
acid, although they were still of the original stxe ; tliey had, there- 
fbre, become transformed into tho carbonaceous anbsljince, or artifi- 
cial pliunbago, Tliu ai;iion of the weak acetic aiid solution Jh. 
Calvert found to 1« voiuplcic, (hat of tho hydrochloric and sulphuric 

' -■ Mi/ io,aini tliatof the nUrii: muiAi \ias '■.twniJ.iAfi, -wV^-* 

.L>*±M. _'>k.f. showed no sinular actkm. ot •. twri « 
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one. To examine the chemical composition of the «abes traoofiwBed 
by the action of acetic acid, they were reduced to a fine powder, and 
well washed ; the powder was then dried. The cubes of gray cast iron, 
which originally weighed 15.324 grammes, weighed after the two 
yeiu^ treatment only 3.489 grammes, and their specific gravity was 
reduced from 7.858 to 2.751. Fi'om the figures, obtained upon care- 
ful analysis, it appears that the largest part of the nitrogen (H:iginaU3r 
existing in the cast iron remains in the graphitoid substance, and only 
a smalTportion is transformed into ammonia. He has ascertained by 
.direct expKirimcnts that it is siliciiim and not silica that enters into 
the composition of the carbonaceous mass. Like silicium, the qnan- 
tity of carbon found in the earlx)naceous compound docs not represent 
the whole of the carbon preexisting in the cast iron, as carburetted 
hydrogens are given off during the slow action of the acetic acid in 
the iron. • 

Though in the present state of his researches Dr. Calvert consideni 
it would be premature to assign any definite composition to this sab- 
stance, the inference is that it is composed of a sesqui ferride of iron 
with a nitride of silicium. 

DISINTEGRATED BLACK LEAD. 

A new process of preparing graphite, devised by Mr. Brodie, of 
Oxford, Eng., is a subject of great interest, as it afibras a ready means 
of obtaining a chemically pure black lead, that by mechanical preasnre 
can be aggregated into a solid mass, and employed for those purposes 
for whichthe best and most expensive plumbago has hitherto alone 
been applicable. The outline of tlio process may be thus stated : the 
impure plumbago is mingled with chlorate of potash, and then acted 
upon by a mixture of nitric and sulphuric acids ; these not only give 
nse to the evolution of gaseous chlorine compounds, but also dissoLve 
up and remove many of the impurities. The plumbago, thus obtained 
in a pure form, is washed and heated. The result of the combined me- 
chamcal and chemical action of these operations is, that the plumbago 
is so perfectly disintegrated as to be formed into light floculi, which 
are capable of being blown away by the sli^h^t current of air. In 
this condition they are readily condensed mto solid blocks by pre^ 
sore. 

ARTIFICIAL PRODUCTION OF ALCOHOL AND OTHER ORGANIC BVh- 

STANCES. 

It is inevitable that the rapid progress of discovery should be incea* 
santlv upsetting our convictions, and disda^ing the precipitation with 
which our limitary boundaries have been erected. Until quite recently 
there was no position which seemed more finnly established than that 
which declared the boundair between the inorganic and organic to be 
absolutely impassable. Although it was known that organic substan- 
ces were cx)mposed of precisely the same elements as those abundantly 
found in inorganic substances, it was affirmed that a radical distinction 
<ud8ted, and defied the ingenuity of man to obliterate it. Wo coold 
lyze any oi^anic substance Into its v^lemewts; but^ having taken it 
aces, wo could not put these eVeoif^Xa Xo^ejCbec ^^xl^ v^ iia Na 
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io i«-form organic substances by meaoa of compounds which wore 
■itbcr themselves organic, or n-t^re derived from ibe degradation of 
•omc organic matter; and the problem mis, how to form au orgauio 
compoood dinjctlj from inorganic clemenLs. 

In point of fact, the attempt to reform organic substance from the 
inoi^nic clcmenta into which it bad been analyzed was an idio as it 
would be to attempt a reconstruction of a printed sentence by throw- 
ing together the letters t'omposin^ that sentence, aflor the type had 
bcea "distributed." The antil;gis is elementary; the syuthfoiawaa 
not elementary. You may make an elementary analysis of saltpetre 
— ri!Solving tLii compound into oxygen, nitn^en, and potasnniB; 
but with these elements you cannot directly form saltpetre ; you mnat 
unite the oxygen with the nitrogen to tbrm nitric acid, and theo 
unite this nitric acid with potassa, to form saltpetre — precisely as 
you must unite the letters into aignilicaot words, and then unite these 
words into a sentence. 

A French chemist, M. Bcrthelot, succeeded n few years since in 
fanning several oi^nic compounds, by means of hydrocarbons; but 



words out of isolated letters. And r 
ft ia but a modeA beginning, but at i 
<il B £rect synthesis of the inorgani< 
doeed hydrocarbons by the direct ui 
carbon. M. Bertbelot ascertained, 



iw at last he has achieved this. 
ir rate it proves the possibility 
into the organic ; he has pro- 
on of pure hydrt^n and pare 
place, that when ole- 



fiant gas (C,II,) is agitated for a Ions time with many thousand 

ms^'ons with sulphuric acid (So,, HO), that sulgtbethylic acid ia 
produced, as indicated by the following formula: — C|H,-|-2(H0, 
S0,)=C,aiO,S0„HO,SO, when sulphethylic arid is Lcated with 
wat«r, alcoliol distils over, and sulphuric acid remains behind. Ia 
rannnction with the artificial productions of alcohol, M. Berthotol's 
researches on the formation <^ acetylene are very important, as tend- 
ing still further to break down the distinction between organic and 
inorganic chemistry. Acetylene is one of the most permanent of the 
hydrocarbons; its composition is cxpreascd by the formula C(H. It 
h produced by the action of the induced electric spark, or by the aid 
of heat from olefiant gas, and is ako developed by the action of heat 
on the hydrocarbons benzole and naphthaline. Bcrthelot has suc- 
ceeded in preparing acetylene by tho direct union of its elements, 
carbon and hydro;(en. Tho carbon is first purified by the action of 
chlorine at a hinh temperature. This removes sul]Aar and metallic 
impurities in the form of volatile chlorides. The carbon thns ob- 
t^ned in a perfectly pure state may be submitbrd to the action of 
hydro^n, aided by the highest lemperalure that il is powible to 
obtain, bnt no union will take ploie. In the like manner tho induc- 
tive spark is equally powerless to effect their union. If, huwuver. an 
okctnc arc is caused to pass between two chaf.'oal poles or electrodes 
nirronnded by an atinosphcn.' of hydrogen, union tabes place as aooa 
M» the upark vamniimcus to pass, AeelyWw W\iij ^pToaQcei, mA \%» 
•— ''leteMj caatinuotl as long a* tbe electric axt; ia inaAi^Uas(^4EiK 
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acetylene prodaced around the poles ma^ be carried awaj bf a ear- 
rent of hydrogen, and condensed by passing throngb an anunoniacal 
solution of protochloride of copper. In this manner it is easjr to 
obtain large qoantities of acetylene, which is readily liberated m a 
free state by the action of hydrochloric acid. A^tylene is yery im- 
portant, as it presents a basis from which other Dodies may bo ob- 
tained ; thus Bcrthelot has demonstrated that by the simple additioa 
of hydrogen it can be changed into olefiant gas, and that from olefiant 
gas alcohol can be formed, from alcohol ether, and thus the commence* 
ment be made of a chain of compounds, all of which have been hitli- 
erto regarded as belonging exclusively to the domain of organic 
chemistry. 

In the Great Exhibition of last year, a bottle of alcohol thus arti- 
ficially formed was exhibited. 

Alcohol from Coal Gas, — " Cosmos" gives the following descrip- 
tion of a patent taken out in France by Sieur Castex: — ** In burn- 
ing organic matter the smoke which is disengaged can be entirely 
absorbed by concentrated sulphuric acid. This sulphuric acid mingled 
with water, and distilled, yields alcohol. To facilitate the absorptioii 
of all the smoke of the organic matter, it is made to pass over a sub- 
stance like coke, wetted with the sulphuric acid. Before sendix^ oat 
coal gas it may be treated according to this method." 

NEW METHOD OF GENERATING CARBONIC ACID. - ^ 

At a recent meeting of the Franklin Institute Mr. A. L. Flearj 
called attention to a new and simple apparatus for generatinff car- 
bonic acid and other gases, invented by Mr. F. Uuschhaupt '&e ap- 
paratus consists of a strong wooden tub or vessel, two feet high, and 
seventeen inches wide, having a partition near the middle. Hie 
whole inside of both partitions is Imcd with lead. From the upper 
part of the wider partition a leaden pipe leads near to the bottom of 
the smaller partition. A leaden vessel, perforated with holes at the 
bottom, is filled with carbonate of lime, marble pieces, say six pounds, 
and dipped, by means of a sliding rod, into the larger partition, contain- 
ing about seven pounds of hydrochloric acid. The other (smaller) 
partition is hair filled with pure water, having a glove-valve as 
outlet. The vessel is closed air-tight by a strongly-braced cover. 

Whenever a supply of carbonic acid is desired, the lead vessel con- 
taining the marble pieces is slid into the acid, which, passing through 
the leaden tube, under and through the water in the next partition, to 
the glove valve (for the purpose of purifying the gas from any foreign 
matter or chlorine carried over with the carbonic acid), is, by means 
of suitable pipes, conveyed wherever it may bo desired. When the 
marble, whicn is a chemical combiuatiou of lime with carbonic acid 
(5(3.09 lime with 43.91 carbonic aci<i), is dipped into the hydrochloric 
acid, the carbonic acid is thereby expelled, the lime combining with 
the chlorine to form chloride of lime, which, after all the carbonic 

^d is expelled, can be taken from the gas apparatus by a siphon, 
out taking off the cover, and may siflerwards bo used for the 
Kse of bleaching, etc. 
pounds of mcaile dust and seven pounds of K^jdttKiV&orVft q»4 
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wHI fitraiA about ont Imndred and seventy gatton 
gat ; and all thit at a eotl of ofeirt eighteen cents I 

There is no danger of explo«ioD, as in the ardinarv copper apparft- 
Uu, bvcaiisc Ihc pressure ['nn never rise lufficiently high, and the 
evolutioo of ESS can be stopped at an; raomeiit by with£^wing the 
■lidtng txxl wbich dipped Uie marblo into the acid. Moreover, if de- 
■nsd, though not imminontly nccM-ssar}*, a safctf toIvc, as well as a 
prCMure-gauge, may bo put on. The beautiful simplicity of the appa- 
ntus, its safety, Its ea:jy nuiDagemeot by the most ignorant person, 
attd, abuve all, its Imc price, making it accessible (o all classes, arc the 
best refommendalions lo the publie at large. 

By means of this cheap gas apparatus, la^er beer can Dot only be 
kept contiDDally fresh and impregnated with carbonic acid gas, but 
also, by a proper arrangement of tubes, forced up by it, fr«sh and 
•parkling, to the last drop. Tbu same may be applied lo soda wftter, 
' ' 'ne, anil other beverages. 



A new mode of producing chlorine is due to the researche< of 3L 
Laurens. It consists in deconiposinn chloride of copper by the adjon 
of heat- The operation is conduclcil in the following manner : Chlo- 
ride of copper is prepared in the usual manner, either bv dissolving 
oxide of copper or unlive carbonate of coi>per in hydrochloric acid, 
~-^ by thf double decomposition of sulphate of copper and chlo- 
ride of barium. The H)lution of chloride of copper obtained is 
cva^ated and submitted Co crvBtallization, then the cryetallioe man 
is mixed with sand and perfectly dried (probably in a rcverberatory 
furnace). The dried mixture la introduced inlo retorts similar to 
those employed in the labricalion of gas; if these retorts are of 
iron, they are lined vith a coatiog formed of a mixture of clay and 
carbon, to isolate the metals. The chloride, heated stronglvi >• 
decomposed into chlorine and protochlorlde. The residue of the 

rparstion of chlorine, t. e., Ihe protochloridc, is not losL It can 
again converted into chloride by the oxidizing action of the at- 
mosphere in presence of hydrochloric acid. Hating ihusobtwiedtbe 
regenerated chloride, the opcra^on is repealed as before described, 
aod the circuit may be renewed indefinitely. 

NEW FEOCE8S FOB UAKINQ OXTOKS. 

A new and cheap process for luakliig o.iygen gas has been devised 
by Mr, I. Webster, of London, and a company has been oraanized to 
tolroducc the invention. The materials used are nitrate ot soda and 
cmdo Q-iidc of ane, mixed tojicther in tlio proportion of ten pounds 
of Ibo former to twenty iMunds of the latter. The ingredients, thor- 
ou^ty dried, are heated in an iron retort to dull redness, when a 
la^e quantity of oxyp'n is speedily given off, mixed, however, with 
nitrqjrm. to the i^xtuul of forty-oac per cenl. The cost of the osy- 
grn thus obtained is said to be about ooc-fillb of that of other pro- 
(vucs; and it is expected that the mixed product of oxygen and 
Biinson tbu» obtained will prove useful to augment. VW i!' — - — *■ — 
^jm^ff^eM/^a^ and in various mutallur^cu o^ 
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ABTIFICIAI. GEUS. 

M. Becqiierel has succeeded m producing opals and otber ajita 
line minFrals, in a short ^[late of timi;, by strong currents of clt«tt 
eity. In order to succeed in these pxperiroents, the solution miat I 
pure, and of a particular strength, while the intensity of &e cantt 
mugt be regulaleil b^ the natufe of the materials. Frtan i fdntia 
of sulphate of alumina he obtained. \a the course of a tew boon, 
hvdratc of olununo. h1(e diopside, hard enouah to scratch tpattx. I 
like manner he ba^ hopes of nldmalely producing topazes and i^ 

A recent Engliah writer, Mr. Howgravc, thus reviews the ranoB 
attfmnts that hare been tnadc by ('hernials, from time to time, to pn 
duce, by ardfieial means, the diamond and other precious stones. A 
re^rds the production of the diamond, bat little prcGTes hac ^ 
beeu made, and chemists hare been cmnpletely bttfflea in aB no 
efforts to find a substance capable of diraolvine carbon, the -'^- 
constituent of that crystal ; and, indeed, until Despretz 
by the agency of electricity, in actually producing minute 
the manuracturc of this precious alone seemed as etiimerical 
of the philosopher's stone, so perseveringly sought after by I 
ancient alchemists. Despretz found that bv pasung a poworfol g 
vaniu currejit through a point of charcoal over wbicli a pls^i 
wire was suspendixl, the charcoal was volatilized and depodtMl on t 
wire in the form of minute crystals, which, on CKUnination under t 
nucroNcope, proved to be true diamonds. Since the dis 
further Mvance has been made toward the solution of tfaie 

The search ailcr the diiunond having proved so unsatisfactorj i 
its results, attention was directed to a class of stones almost ag rinn 
in their eomposidon, going under the eeneric name of corundnm. ]_ 
order to undeivtand the oxperimenls that were made, and the lUffici^ 
ties attending them, it is neceawry thot a clear idea should be abtainad 
of the compnsiiions and distinctive charactetislies of the 
belonpng to this class. 

The ruby, sapphire, oriental lopaz, and several olheir 
■tones, arc all merely colored varieties of a mineral called c< 
or white B8_pphire, the comjiosition of which was stated by Chenert^ 
to be alumina, mixed with n small propoi^on of silica and oxide -" 

iron. Dr. Muir and others ))raved, however, that it war 1— :- 

the silica found by Cbenuvix being abraded fmn 
in which the etoncs were ipibedded. AH the varietii ^^ 

crystallize in six-sided prisms, and have the curious propertr of 
double refraction, that is, cau^ng everj'thing that is lookoa aA 



through them to afipear double. Alumina, the oxide of the 
aluniiuum, now coming into such frequent use in the ntaniiiacture <t 
articles of jewelry, I'tt., was, until the invention of the oxyhydrogen 
bloW'jupe, suppc«cd to be, like carbon, infu^blc by any degree d 
houl. In IB37, however, M. Gsudin, who had given much altentioa 
to tlw cffucts produced by this then newly-invented means of 
afing /leal on varions melallk oijdea torcotA^f Atoo^X m- 
tif liuiaa, atEempted with some Bvwcesa lo iLOii\iirt., Vj 



Ulempta to ottUin I'lystnU 
cQlal BloQcs hare litileii i 
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tljr infnsble aJnniuut into fryEtals simibr to the niby and the 
iontal stones. He proceeded bj fnitimittJD^ to I.ho action of 
"■ppe a ouxture of nliim (sulphate of nlumina ami of potash) 
mate of potuli whicli ho placed id h cavity of ariiDUil rhar- 
a this mtuiner he obtained small portions ot mclteil aJumiDa, 
^ ho color and liardnesa of the ruby, but which eoiUd bo easily 
distingubbi.'d from it by their imperfect traaiparence, and by their 
^ag tlie property of double refraction. All subMqiient 
obtain I'lystnls of alumina colored like tho precious ori- 
iled in a similar manner ; and this has been 
inteil for by the discovery only lately that the color of these 
r-''nea h not due to a inctalliu oxide, as had been always supposed, 
' lit lo the prMence of some organic coloring matter. The appliear 
liiiti of this discovery may bring us nearer than we have ever j-et 
been to the iavention of a mode of producing artiGcially these rare 

The next Step iu Ihl;) direction was made by the manager of ft 
DuoufiK'rory of SfVT(a porcelain, named Ebeimen, who, ten yean 
after M. Gaudin's experiments, Ibund out a nay of obtaining crystals 
tt comadum. but of kucIi nunute proportions as to he of no practical 
MBi. He first discovered that boracie acid, which had been hitherto 
MjtpOB O d to be absolutely fixed, could be evaporated by the intense 
Ih^ of the porcplaiii ovens; upon this it occurred to him that by 
ilissolvin^ alumina in boracic acid, which could be done by heat, and 
iIr'H evapurating the liquid, it would be possible to obtain cryitala 
-u.-mbliiig tho oriental stones; and it was found, in fact, that by 
I A posing a platinum capsule, containing such a mixture, to the he&t 

. of the porcelain oven lor a consideraule time, tho boracic acid was 
eruporaleA, and a number of lilllo shining crystals of alumina, bavinz 
ibe properties and appearaucc of stnotT precious stones, wer ' 
ottering to tho capsule, but adhering so tightly that it n 
iauKMsine lo detach them entire. 

One other experiment Is worthy of notice 
ttaJy one which had any practical result. 
ment, who obtained similar microscopic crystals by exposing hydrate 
if alumina, or alumin.i combined with wat«r. to a great heat, which 
< .'iii.sod the water to evaporate^ and lefl the crystals at tho bottom of 
' 'ji' glass tubva in which tho experiment was conducted. 

I'hu perwverance of M. Gaudin, who appears never to have aban- 
i)u»ed the idea of manufacturing precious alones, enabled him. in 1B5T, 
lajiresent to the Academy of Sciences several white sapphires, pro- 

■fijed by a very umplo proccaa, and of sufficient size to be used aa 

Bpwla in watches. 

^^Tfce fbUowing is the mode of procedure by which M. Gaudin suc- 
ceeded in producing these crystals : — 

In ■ crui'iblu, lined with animal charcoal, are placed equal parts of 
rLliim and sulphate of potash, previously calcined to expel the water. 
W,l\i this mixture the cruciUo Is half filUd ; it is then filled up to 
the top with animal charcoal; the lid is put on and cemented iu It* 
jibce with I'lay, and It is then exposed in a funioi^c, and kept at a 
ubitebeat Ibr u quortvr of an hour. The heat and the reducing power 
cd ibe cbamotl umim the Ibrmation of sulpluuct. of ^>Ai>auMia,vtusb 
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fhses and dissolves the alamina. The continued action of heat partljT 
evaporates this sulphuret of potassium, and the almnina separates in 
the form of little crystals. On opening the crucible, a black mass, 
sparkling with brilliant points, is found in it, wliith consists of sulphu- 
ret of potassium, mixed with crystals of alumina. This mass is aiber- 
ward placed in diluted nitro-hydrochloric acid, which dissolves the 
sulphuret, and lets fall the crystals of alumina to the bottom of the 
vessel, where they appear as a coarse powder, and, seen through a 
microscope, have an exact resemblance in form to the natural precious 
stones. By using a larger crucible, and exposing it to the action of 
the fire for a longer period, M. Gaudin produced crystals of much 
' greater dimenaons, which, upon examination, proved to be true white 
sapphires, and were even superior in hardness to the rubies ordinarily 
used for the jewelling of watches. He endeavored to produce colored 
crystals by the addition of metallic oxides, but found that these were 
invariably reduced into metals by the action of the charcoal. The 
successful result of this experiment encourages us to hope that at a 
future period M. Gaudin, or some one else possessed of his indomitable 
perseverance, may discover some substance capable of dissolving carbon 
in a similar manner to that in which sulphuret of potassimn has been 
found to dissoW'o alumina, by which the problem of the artificial pro- 
duction of that beautiful and valuable stone, the diamond, will at 
length be solved. 

Although not belonging strictljr to the subject of the artificial pro- 
duction of precious stones, it will not, perhaps, be thought inappro- 
priate to notice some experiments undertaken by Messrs. Devillc and 
Wohler, which resulted in the discovery of a crj'stal strongly resem- 
bling the diamond in its hardness and properties, although of a differ- 
ent composition. This crystal is that of a substance called boron, 
■which attracted the attention of Messrs. Devillc and Wohler, on 
account of its resemblance to carbon. It occurred to these gentlemen 
that a substance having such a gi-eat similarity to the element of 
which the diamond is composed, would, in all probability, if cri^ital- 
lized, have some charactenslics in common with that gem. They 
therefore set to work to find sonic process which would enable them to 
reduce it to the crystalline form. 

Boron is only found in nature in combination with oxygen, as 
boracic acid, and in union with soda, as borax ; and it had, up to thb 
time, been obtained from the^e combinations only in the form of a 
bro'*7nish green powder, insoluble in water, possessing many of the 
properties of carbon. It was reserved for the two (*hemists whoso 
names are given above to produce it in a form hitherto unknown, by 
the following process : — 

In a crucible, lined with animal charcoal, are placed eighty grains 
of aluminum, and one hundred gi'ains of boracic acid. This crucible 
is then exposed for five hours to an intense heat, which causes a por- 
tion of the boracic acid to part with its oxygen to the aluminum. 
After it has been taken from the furnace and allowed to cool, it b 
found to contain a sort of glass composed of the remainder of the 
boracic acid and of the alumina formed during the process of heating, 
and underneath this a gray metallic mass, sparkling with crystals. 
Tbb mass con^sts of merely boron 'vm\)eM^ \\i %L\Mi\\w\\m> To se^* 
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oflnoric acidi, to pet rid of aaj silicon that may have been lefl 
e eoJa. Afler all those prouesaes have bc«n gone Lbrougb, the 

a of tie boron obtained in tliia way shows that a 

KQt ana!(^ exists between it and carbon, whit4, as every one 
■ws, is found in Ihroe forms: micrystalliaed in charcoal; semi-eiys- 
tolliied in plumbago; and cryslallized in the diamond. Similany, 
tlie boron resulting from the above experiment is found to exist wi 
three forma, namely, in black flakes almost as hard as the diamond; 
in briUiauC prionatic crystals, less hard tlian the former variety ; and 
in Email, beaulifully-fonned reddish crystals, having a great resem- 
blance to the diamond. These crystals are as hard as the diamond 
ibelf, and may, in the eourse of time, should their nianufacturo bo 
brought to perfection, enpersede that stone in many of its uses, such 
as catling and polishing precious stones, forming jewels in watches, 
etc.; and thus, although, Ironi their being unknown in nature, they 
cannot be comadered precious stones, the discovery of these boron 
diamonds may prove of more practieal value than all the attempts at 
the artificial produc^n of the real diamond. 

THE A^INEAUKG TEMTERATnEE OF UCTALS. 

The " annealinir temperature " has not yet been ascertained for any 
one metal, and all that ts known about it i:<, that there is a fixed and 
rather narrow range of elevated temperatui'c peculiar to each metal, 
without the limits of which anneaUng does not take place, and that 
the absolute mean temperature lor each metal seems to be CTcaler in 
■nme proportion as the tusing tempi'rature of the metal itself is higher. 
Plalina, tor instance, when hai'd from wire-jlrawing or lamination, is 
not annealed under an inteiii« whil<^ heat ; wrought iron at about a 
bright red, in some sorts not iK'lbrc a yellow heat ; copper, at a low 
chern'-red ; and when we come down to the metals ol^ very ready 
funlnlity, such as tin and lead, their annealing temperature appears 
to be H> low that the Aeal ccolrti! in them by conversion of meclum- 
ical Ibrce in laminating or wire-drawing is sufficient to keep them 
annealed, that is, tlicy eannoi he karrleneil by such processes. It is 
'" ' s fact of molecular phyucs which alToi'ds tho explanation 

umstance. well known to those engaged in the trades of 
E sbeet lead, or "drawing" lead pipes by the older mcthodsi 
Mj, that the rolling or drawing can ne accomplished by a le*» 
if ezpnufifure q/'^u-fr if perfoiTned fast than much mora slowly. 
1 is to say, the power demanded is a minimum when the pressure 
Jiieiently sharp to evolve tho heat of anncaUnf; in the lead. 
n a like condition (with others not here in i[uestion) depends the 
MIS pTOeess of forcing up in pure tin the ]iateut collapsible Te$- 
b of Rand, now so extensively in use for tweptaclcs of oil-coIors, 
— Journal of the Franklin Jnltilult. 
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ABTIFICIAL STONE. 

The following is an abstract of a paper on the above sabje tt, com- 
mnnicated to the British Association^ in 1862, by Prof. Anstead: — 
My object in the present communkration is to direct the attention of 
the section to the different classes of the material that hare been 
found available ; to point ont the principles involved in each, and ihe 
special advantage and disadvantage eacn possesses ; to refer to a new 
and I believe an important material ; and to suggest the bearing of 
the whole subject on that of the preservation of stone from decay. 

The artificial stones hitherto used may be grouped under one 
of tluree heads. They are either (1) terra cotta, or mannfactprea 
of plastic clay burnt in a kiln ; (2) cements manufactured fitxn a 
certain kind of limestone containing foreign ingredients of snch a 
nature, that, when converted into lime by burning, the lime thus made 
possesses the property of setting very rapidly and firmly when wet- 
ted ; (3) silicious stone, obtained by burning in a kiln, sand, and other 
substances, moulded with a solution of silicate of soda, which is con- 
verted into a kind of glass, firmly connecting the particles. I omit 
plasters, as rarely exposed to the weather. 

Terra Cotta, — The advantages of this material are, ^1) its cfaeM>- 
ness and the universal distribution of the clays of which it can be 
made ; (2) the faciUty with which it can be moulded to any required 
form ; and (3) the pleasant color of the material when uninjured by 
long exposure to weather. The disadvantages of teiTa cotta are, (1^ 
the uncertainty of the result, owing to the great and anequal con- 
traction of all clays in burning ; (2) its want of power to resist damp 
and frost whenever there is the slightest flaw, whether produced be- 
fore or after burning ; (3) its brittleness and want of strength ; (4) 
its exposure to a disagreeable green vegetation in damp air afler a 
few years' weathering. Terra cottas are better adapted to a dry than 
a moist climate. 

Cement. — AVhether of the kind called Pozzuolana, Roman, or Fte^ 
ker's, or Atkinson's, or any modification of these, all the cements are 
nmilar in their nature. The advantages of cements used as an artificial 
stone are, (1) its cheapness when made, and its ready transport; (3) 
its not rcfjuiring the kiln, but setting at once without contractioa ; 
(3)' the facility of moulding, and in making up the material from the 
manufactured cement supplied; (4) its ^at strength when well 
made. The disadvantages are, (1) that it cracks and peels badly 
when exposed to frost and damp air; (2) that it is very irr^nlar, 
some samples yielding a much hanlcr, better, and more lasting stone 
than others, without apparent reason ; (3) that it is subject to a green 
vegetation, like terra cotta. Tliese disadvantages do not all apply to 
its use in making concrete, for which it is admirably adapted. 

Silicious Stone. — This product, known in England as Ransome's, 
is extensively used. The advantages are, (1) the extreme uniformity 
of its texture ; (2^ the almost entire absence of contraction, and its 
freedom from cracKs and flaws produced during burning ; (3) its com- 
plete resistance to all kinds of weathering, to which may be added 
(4) its pleasing color and tint 

On tho other hnnd, among Uie Oiis?.dvaTvt;\^^ ;xt^, (^"^ \\.^ ^<3^ /^VapK 
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_Mfrpaier than for either of the other kirHls of nrtlfioial stone ; (3) its 
being mKiei:'t to a white effloresccni.'e of aalt and a green Etnin from 
damp, hotJi of whifh take away from its value for ornamental pOF- 
po»*, for whiuh it is otlierwiso admirably adaprtod. 

The meebanKat and chemical principles involved in these different 
contrivances are as foltowa : in terra eotta the material jg a kind of 
clay, purer and more free from foreign subetanees than common clay, 
and mixdl with dust from potterj already made. The manufaeturcd 
ardelo is (hua a EUpcrior fire brick. The burning produces little 
chemical change or metamorphosis, but the condition after burning is 
so far difleront that ordinary exposure will not bring back the original 
texture of elay. Of closer texture than brick, there is less al»orp- 
tion from the surface ; but in ornamental work there are nlwBy.i 

^^^ws enough to render frost following rain dangerous and injurious. 

^^^Lathcr respects the taaCerial itself is little more liable than brick to 

^^^■^ from exposure. 

^^B|ft cement the raw material b carbonate of lime, with a certain but 

^l^nkble proportion of foreign substances, of which clay or silicate of 
ktmnina is an importaut and oven an eawntial part. All the varieties 
of cimieDt stone, such as the stones called septaria and other nodules, 
agree in lliis. On burrung this material tho limestone is eonvcrtod 
into lime, and the condition and proportion of the foreign material 
detemiines tbe value of the resulting cemenL It is calleil hydraulic 
conent, as setting with almost any required rapidity when properly 
mixed with water, and this in damp air, during rainy weather, and 
*veo under water, absorbing no more water than is necessary for con- 
•olidation. Under various names, pozzuoUna, Roman cement, Par- 
ker's cement, Atkinson's cement, etc., this valuable material has been 
used from lime immemorial, and is especially adapted for mokins 
concrvte where a larger proportion of foreign substances is introduced. 
As an artificial stone, although it hardens on exposure, its eompcsi- 
Ikm b loo irregular to justify a very extended use- In tiia proi-esi of 
letting the lime first mixes with water and becomes hydrate of lime, 
and is then rapidly converted into wlicate of lime, adherioj; stmi^ly 
is thin films to itself and to foreign bodies with which it is tn contaet. 
~" & lilicions stone of Mr. Roueomn consists of sand and foreign 
>, worked up into a paste with tbe fluid silicate of soda, if 
■ in the air it would fall to powder, but bcin^ cxprncil to a 
a kiln a chemical action tnkes place. The alkali of the 



soda " combines with an additional quantin of slira sup- 

J .,(p^ ^jf], ^iijpj, it ifl iniwporated, and becomes 

isolublc jilass, firmly agglutinating all the various 



a sand, etc., with whieh it is incorporated, and 
_ _ nto an insoluble jilass, firmly agglutinating all tin 
1 together into a solid, compact «ul»Canre." No sensible 



;a place in burning, and cra?ka rarely a 

je TGsistaucc to weather offered by these three kinds of artificial 

) majr bo thus stated: 1. Terra eotta. contracting irrvgntarly] in 

'^'i, IS subject to cracks and flaws, into which water penctratins 

wnding during Uroit, a peeling and splitting of the material 

jr Ibllows. It is almost certain, fitun the nature ot the ease, 

B and ornamental work should be more liable to such 

straight work and plnin surfaces. 3. Cement, owing to 

^aeity tn lite raw raUcnaX, u nbo 'Y«r} v^sy^ ^n 
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flaws and cracks, and is iDJured by damp and frost like terim eottiu 
8. The silicious stone is rarely flawed m the kihi, bot eren if it is 
the stone does not crack or the surface peel by oxposore to damp 
and frost, owing to the nature of the cement, which is, in fact, glass. 

A new process, liowever, has been recently discovered by Mr. Ran- 
some, which promises most valuable results. Heretofore, his artificial 
stone, after its formation in a plastic state, required about one mooth 
to di*}', and another to be kiln-burnt. Now, it seems, the ^Jasticity b 
superseded by stony hardness not only without either drying or kiln- 
buming, but also in an hour or two's time I The moulded or prepared 
stone requires simply to bo dipped into a solution, and the work if 
done, even when Via stone has been one weighing a whole ton weight 
or more. The solution consists of chloride of calcium ; or, as it is 
more properly called when dissolved in water, muriate of lime. 
When the moulded matter is dippt^d into this solution it is very soon 
saturated with it, and a double decomposition takes place ; the lime 
combines with the silica, forming a silicute of lime, and the muriatic 
acid with the soda of the water-glass, forming common salt, which can 
be removed by washing. To prove that by this process a coating of 
hard silicate of lime is actually formed, Mr. Uansome, in a public ex- 
periment, made small blocks of various forms, in moulds, oy mixing 
loose sand with the fluid silicate of soda, and then dipping the oaoold 
into the chloride of calcium ; when there came out almost instanta- 
neously a perfectly compact, hard, and, to all appearance, a peifectly 
durable solid. Th(; stone thus formed has already been tried on a 
somewhat extensive scale, and found to answer all requirements. At 
the Great Exhibition of 1862, a mass of it, weighing ten terns, formed 
the bed of a steam-cnj^iue ; and a four-inch cube has been found to 
sustain a weight of thirty tons before crushing. 

At the meeting of the British Association, In 1862, Mr. Bansome, 
at the conclusion of Prof Ansted*s remarks, manufactured the stone 
in the presence of the audience. It consists of any kind of mineral 
fragments, sand, limestone, or clay, mixed into paste with fluid silicate 
of soda (obtained by digesting flints in a boiler under high pressure 
in alkab^, and afterwaixls dipped into a solution of chloride of cal- 
cium. The result is an almost immediate hardening of the pasty 
mass, and the specimens constructed were in a few minutes handed 
about the room. 

In a paper on the preservation of stone, recently read before the 
London Architectural Association, Mr. A. H. Church noticed the 
curious cfiect produced on stones by the efflorescence of sulphate of 
soda or sulphate of magnesia upon their surface. The formation of 
such salts is actually favored by some of the so-called preservative 

Processes ; and it is remarkable to note upon the summit of each 
air-like crystal a minute fragment of stone torn off and carried for- 
ward by the force of the crystallization. Another singular phenom- 
enon was described as occurring when a strong solution of silica in 
water is applied to chalk or any sofl limestone. The silica glutinixes 
on the surface ; the film thus formed separates into smidl scales, and 
as these fall ofi*, it will be noticed that their under surfaces are ccnr* 
ered with minute adherent particles of the stone or chalk. 



a,? 



THE DISINTEGRATION OF IttJTLDINfl STONES. 



Trot. Thomson, in a paper before tbo British Assortation, I8CS, 

ilwwed, first, that the (Tumbling nwuy of atones in buildings usaally 

orcura in tht greatest de^ee at placi'a lo whieh, by the Joint agency 

I \ ^y m oiMufc and eiaporatioo, nitrates and other »alt9 arc brought and 

■■A lo crystallize ; «econd1;-, that the solidififfttion of crystalline mat- 

^^■^ in porous stones, nhelber thai be ico formed by freedng fVom 

Pyftter or crystals of salts formed from their mlutioos, usually produces 

1 '^integration, not, as has been eomnionly supposed, by c^ipansiou 

of the total volume of tbo liquid with the crystals during the growth 

of the iTj-stals, producing a fluid pressure in the pores; but, on the 

GCntrary, by a tendency of growing (xystals to increaso in size even 

^^^bcru lo do so they must push out of their way the porous walls of 

^Qk cavities in which they arc contained, and otcd though it be &om 

^^^bne walls that they receive the materials for their increase. 

'^ CBEHICAl. UKKORANDA. 

Improi'cmenU in Matches. — In the place of sulphur for coating 
matches. — thereby^ rendering the wood more inflammable, — an Eng- 
lish company have introduced paraffioe; and matches thus prepared 
are not likely by the rapors they generate to tarnish silver surfaces 
and dyed fabrics. Parafline matchea arc found to withstand damp- 
ness in a most remarkable manner. 

AmoTpliois Phosphorus and ils Practical Applications. — Tha dis- 
covery tliat phosphorus is capable of existing in a condition in which 
it b no longer spontaneously iDllomnablc has been turned to oceoant 
in tho manufacture of matches, which cannot be ignited by iViclioti 
anywhere except on the prepared surface of the boi which contains 
' nn. The secret of the contrivance is. that the chlorate of potash 
Wpoand, tipping the match, is destitute of phosphorus, which in 
t^norjihous form is pbced ou the sand-paper ; hence these matches 
I porftctly safe from accidental ignitioQ, and u — — ' 




iC^mpanitive FusibilUi/ of Iron. — MM. Minar^ and Rdsal stale that 

ttfUHbility of iron augments with the proportion of oxy(;en which 

''DU^na ; thus, in placing side by side, in a blast fiimacc, two crn- 

X containing iron shayings of the best quality, liut adding to the 

nd a certain proportion of oxide of iron, afU^r exposure to a liol 

blast tlw fragments m the fint crucible preserved their original con- 
dition except Ihnl they wore slighiJy welded together, while thofo 
in tiio second were fused into a kmellatcd buttou. — Cmnp'en Hmdw.^ 
Photphoriitd Copper and Braa. — The peculiar c(ltc;s of the pr<';:' 
«nce of small portions of pliosphorus on tho properties of mctaU 
copper liave been studied carolully by Mr. Piirkea, of Ey>glunil. who 
liai taken out a patent for the application of phosphorus to the im- 
pnncment of the working properties of inelallip copper. Phosphor^ 
inxl copper, as it is termed, pojuesses an oxlreme degree of dijlUcji- 
bility, aud may be forged readily even when heated lo rcilnws; it ia 
■lo ductile that it is capable of being drawn out ■"•- '••'-- "-'"'i' •■•>" 
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oat showing any evidence of cracking; these tabes are made, m the 
first instance, by casting them of a large size, and the diameter is 
then reduced by drawing them in the same manner as wire. The 
extreme dactility of phosphorized copper is shown by the production 
of a long tube with a bore as fine as a needle, which has been re- 
duced down by drawing from a nine-inch casting. Brass manufae* 
turcd from phosphorized copper also retains many of its Taluablo 
properties. 

JVew AUoy; a Substitute for Silver. — The Paris Cosmos describes 
a new alloy composed of block tin three hundred and aerentj' 
five parts, nickel fifty-five, regulus of antimony fifty, and bismuth 
twenty ])arts, which M. Trabuc, of Nismes, proposes as a substi- 
tute for silver, as it resists the action of vegetable acids. It is pre- 
pared by placing in a crucible one-third of the tin, together with 
the nickel, antimony, and bismuth ; over this is laid another third of 
the tin, and above that a layer of charcoal. The crucible is then 
closed and brought to a reddish-white heat, and its contents examined 
with a red-hot rod of iron to ascertain if the nickel is melted and the 
antimony reduced. The last portion of tin is then made to pass 
through the charcoal, and the mixture well agitated. 

Food Preservative. — A patent has been recently granted in Eng* 
land for preserving articles of food by introducing mto tin cans con- 
taining the food a substance for which oxygen has a greater affinity 
than for the meat or other article of food under preservation, and which 
at the same time shall be in no way detrimental to it. Such an agent, 
the patentees state, is sulphate of soda. 

Reduction of Chromium and Manganese. — In the coarse of some 
experiments with amalgam of sodium, the idea occurred to Mr. C. W. 
Vincent that it might ha employed to advantage as a ready means of 
reducing some of those metals which are not readily obtained by 
ordinary metallurgical processes. By adding to a solution of the 
chloride of chromium an amalgam of sodium, he found that, althov^ 
there is a considerable waste of sodium, nevertheless an amalgam 
remains of chromium, which, on distillation in a tube retort fflled 
with naphtha vapor, yields this metal in a finely-divided state. Mr. 
W. B. Giles has shown, in a note in the Philosophical Ma^azme^ 
that when an amalgam of sodium is placed in a saturated solution of 
pure protochloride of manganese a rapid action takes place, hydrogen 
IS evolved, and, finally, an amalgam of manganese remains. For 
the details of the experiment which led Mr. Cues to infer that the 
powder which he obtains is metallic manganese, we must refer to his 
note. He states that the same results appear to take place with 
cobalt 

Coloration of Iron. — M Thirault, pharmaceutist of St. Etienne, 
has been investigating the natural oxides of iron. In addition 
(o ordinary rust, there is another oxide (the ferrosoferric oxide) 
but slightly susceptible of alteration. Iron covered with this latter is 
protected from rust even in moist air. This varnish is produced by 
the use of the following mixtures: 1. Chloride of mercury and sal- 
ammoniac. 2. Pcrchloridc of iron, sulphate of copper, nitric acid, 
alcohol, and water. 8. Per- and protochloride of iron, alcohol, and 
water. 4. Weak solution of &u\p\nde o^ ^o\;&s8i\is^ TVl^sim v^^t^oiis 
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nit^wBtvelj, ud ftfUr the previoui application lias beccme diy, 
applivii. No. 3 is applied twice. A batli of boiling nater follows 
Noa. 3 and i. The iliada of color is fixed by means of active friction 
bjr a piece of woollen goods, and with a tittle oil. The shade of color 
imparted is of a beautiful block, unilbrai in appearance. Thia 
procen n used in the manufacture of arum at St. Etienne. 

Copper Paini. — ^ The Paris Cosmos calls attention lo a new piff- 
mest Toccntl}' brou|;ht into use in Frauee. Its to undation dc penal 
upon the possibility of rcdiicin<i electrolytic copper to an impalpable 
powder, which, being combined with Iwuzine, can be employed upon 
any surf'ace as a paint. It possesaos an agreeable lustre, and will take 
bronze tints by Ino usual ehcmical means. By reducing the qnantitj 
of copper, anil adding bases of lead, zinc, or other metals, M. C ' 
obtains a series of paints saiil to pofsess great advantages o^ 
prepared with turpentine and onlinar; oils. 

Olilization ofvxale Tin Plate. — A process is now in use in Aus- 
tria, discovered by U. Kuhn, a German chemist, b^ which the tin 
from the useless scraps of tinned iron plate is obtained in tlio pure 
form. It !» stated by the discoverer that the labor of four men can 
pTt)duce yearly, from perfeetly valneless tin cuttings, three hundred 
vreight of pure tin, with a large proportion of malleable iron and 
other products. 

Experimena on Solvbilily. — M. Gav-Lussac has ascertained that 
the ''' solubility of a body is not modified when it passes from the 
■olid to the liquid state." The converse of this proposition is also 
affirmed, that is to say, " that the presence of a solvent does not modify 
\ It" fusing temperature of a bod^ if no chejoical action takes place." 
I lius, if finely divided sulphur u suspended in sulphuric acid,liichh>' 
.k of tin, and amylie alcohol, which arc three of its solvents, it is seen 
lo enter into fusion (be dissolved) in the three liquids exactly at the 
ame temperature of tll.S'Cent. Pbospborus enters into fusion at 
Cent, in water, the various alcohols, chtorolbrm, bichloride of tin, 
Similar observations have been mitde with iodine, and various 

__j bodicK, always with nmilar results. 

Stcreta in Glast Maiiiifaclare. — It would appear that there are yet 
wme secrets in relation to the manulhcturc ol glass, unknown to the 
world at large, as the manufactory of M. D^uet ofSoieure, France, 
ii known to bo in the jrosaeation of an undivulged method which 
envies them to make glass of a purity which alt other mannfacttip- 
eis an.' not able to rival. A railway, recently constructed, and run- 
iiinfl past M Daguet'a works, has, however, bo affected the gla.>is pots, 
by the tremor occasioned bv the locomotives and trains, that work 
has had to bu suspended, ^or this M. Daguet lirought action during 
the [>ast year against the railway company lor damages, but when the 
case came on for trial the court held that tt would be imposMble to 
OHcss tho damages, unless it were made ct^nizant of the secret, 
■nd it* pecuniary advantage to M. Da^et. The latter declined iin- 

-'- - -'is, and tho court refused to proceed fiirllicr. 

J with Aniline Colors. — The Aiaertcan Journal of Phol^' 

jf tUbn that anihne colors may be used I'or painting albumen 

gnpbt, Tbeae colon are all soluble ia a\co\ko\,iva&,SKnki^>^u^fc- 

with the proper spirit varnish, are cqaal\j ivvi^aXie fet ■^ " 

I8" 
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transparencies on glass for the magic lantern and otber p niiw iafc 
There are no colors more dazzlingly oright than the aniline ayes, aad 
they arc as permanent as any others of a similar tint. 

Coagulation of the Blood. — At the last meeting of the Britiah Atm^ 
ciatioD, Dr. Davy detailed a large number of experiments made to test 
the hypothesis brought forward by Dr. Richardson, that the coagiilar 
tion of the blood n^ainly depends on the escape of ammonia. The 
many results described by the author were opposed to this yiew. 
First he showed that blood in its healthiest state contains no appre- 
ciable quantity of the volatile alkali ; and, secondly, that ammonia 
added to the blood in a notable quantity did not arrest the change. 
The conclusion finally arrived at was that we arc yet ignorant of toe 
cause of the phenomenon, and that the hypothesis of Dr. Richardson 
if acted on in medical practice must be attended with risk. 

A new Drop-Counting Apparatus^ invented by M. Salleron, if 
figured and described in the Repertoii e de Chimie^ accompanied by 
a table giving the names of liquids at the temperature of plus fifteen 
degrees Cent., the weight of one drop of each in grammes, the nnm- 
ber of drops equal to one gramme, and the weight of twenty drops. 
The apparatus is composed of a small flask, with a side tube, Dj 
which the liquid is poured out. The diameter of the spout from 
which the liquid falls drop by drop is determined for the weight of a 
drop of distilled water, — i. e, five centigrammes. Twenty drope of 
water thus collected weigh then exactly one gramme ; and this exact- 
ness, it is said, is so great that these twenty drops always give the 
same weight, if care be taken to dry the external edges of the tnbe 
every time that the liquid is made to fiow. The form and capacity 
of the flask may vary, but not the diameter of the exterior side tobe, 
which constitutes a true and precise instrument. We give a few 
results : The number of drops of distilled water for a gramme beiiv 
20, the number for the same weight of nitric acid will be 27 ; of sof 
phuric ether, 90 ; of laudanum, 34 ; of chloroform, 60 ; of tincture 
of rhubarb, 54, etc. 

Healthfulness of fresh Paint in Apartments, — M. Leclerc, a well- 
known house-painter in Pans, has made several experiments to aacei^ 
tain whether emanations from certain paints containing such wa\^ 
stances as white lead, zinc white, linseed oil, essence of turpentine, 
coal oil, essence of lavender, etc., arc injurious to health. Ho <*aa8ed 
the inside of some boxes to be painted, and within them he placed 
wire cages containing rabbits, which were not in contact wtlh the 
paint, but only subject to the influence of the emanations from it. 
The rabbits sutfered while tlio paint was fresh, especiiUly when it con- 
tained coal oil, but none of thcni died. It is thus proved that living 
in apartments recntly painted, and which emit tlie odor of the ou 
of turpentine, is not permanently injurious to health. M. Leclerc 
made, also, some other experiments, ibr the [)urposo of obtaining de- 
posits of these emanations from the fWsh paintings of houses. 
Instead of rabbits he pla-*e<l plates containing a small Quantity of 
water in these chests. After the water had ovaporatea from the 
plates ho found some remarkable crystallizations like needles, which 
conaistBil of combinations in wbich Oie ov\s ox ^-saifeYvv:\2a ^sm^Vs^^l 
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femed the principal part. The«e crTstalliac combinationB vera 
obuined evun when linseed oil nai iisod. 

ne Ca^iUary Atlraclion of Paper has bwn employed by M. 
Scbooliein in chemical fuialysis. tie oinplnvs in bia rcsi:arclics leaves 
of unsized white t>tpcr, suspended at right anglea above (he aurfitce 
of the liquid. Tbey are ptuoged into the liquor to the depth of two 
or three miltimetrcs, nnd remain bo till the liquor rises to the height of 
three cvaticuctres. M. SchonbciD's uxperiments aliow that aUaline, 
acid, and saline solutions have ilifiei-ent degrees of action. For ex- 
ample, poiaah, iodidu of potassium, and waiur. arc imbibed with HC- 
fercnt degrees of rapidity. The water rises hoforc the others; the 
iodide of poto^um follows, and the ixitaah comes lost 

Yapori of .'ial'me SiAutioni. — It is known that a saturated eolation 
of salt in water buits at aSS* Pah., while pur« water boils at 213; 
but Rudberg says Uiat tlio vapors of saline solutioij) under the ordi- 

prcisurc of the atmosphere have only the temperature that they 

I posses if they wvru disengaged from pure water under the 
mat pressure. 

New Frigorifie Mixture. — Seiieig reeommend* a mi.iture of buI- 
pbocynnide of potaaaium and snow or powdered ico. which will pro- 
ducc a reduction of temperature to thirty-five degrees below xero, 
Fahrenheit. The salt is always recovered by evaporation. 

Chloride nf Lime a» on 'inseclicUk. — h'mgler's PolyttcknUchea 
Journal save : Byseallenng eblortJc of lime on a plank in a stable, all 
kinds of flies, but more especially bifiii|j llii-s, were tiuickly got rid of. 
Sprintlinn beds of vegetables with cfen a wi-ak iolulion of this salt 
cfiectually preserves tliem from eatcrpi liars, butterflies, slu^, eto. 
It haa the same effect when sprinkled bn the foliage of frait treea. 
A paste of one port of powdered ehloridc of lime, and one-half port 
of some fatty matter, placed In a narrow bond round the trunk of the 

that rats and 

oflimc lias been spread. 

Seapttonf Poaaer at a Lwdrica'or. — Soapstone powder, in the 
form of duHt, is proposed as a lubneant for the axles of machines. 
For this purpose it is prepared as tullows: It is first reduced to 
the eoudiiion of very fine powder; then it is washed to remove 
all eritly particles; then it ib steeped for a short period in dilute 
nnnatic acid (about one quart of acid to twenty of water), in 
which it is stirred until all particles of iron whl>.-h it contains are 
diootved. The powder is then washed in pure water again to re- 
move all traces of acid, then it is dried, and is the purified sluatit*: pow- 
der used for lubrication. It is not used alone, but is ntlxed with oib 
and fats, in the proportion of about tbirlv-five per cent, of the 
powder added to paraSiue. rape, or other tnl. This stcalito powder 



s inserts from creepin'; op it. It has ever Iwen noticed 
mice quit pbces in which a certain quantity of chloride 



mixed w 



Ml with any ot tliu soapy compounds wbicb are also now us«d in 
many eases for lubrication also answers a good )>urposc. It li rlii^lly 



intended far houvy machinery, £Uuh us the jimrnuls of wu'^cr-wbccls, 
railway and other 
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WINES— THEIR COST AND QUALmES. 

In 1861 the British goveniment instituted an inc^aiiy into the 
^ strengths of wines in the principal wine-growing countries of Barm.* 
It embraced the growths of France and Switzerland ; of the BaioA 
provinces, Bavaria, Hungary, and Austria ; of Spain and Foitagal ; of 
Bicily and Italy. The gentlemen selected for this mianon were eatt- 
nently qualified for the task, and have executed it with diligence nA 
judgment. Though their instructions were specially to ascertain ths 
percentage of alcohol contained in the various products of the ff^Vfft^ 
their researches were necessarily of a much more expanded character* 
Mr. Ogilvie, inspector-general of customs in London, reported oe 
France and Switzerland. At the commencement of hb remarks ha 
observes that he confined himself to those wines known to contain in 
their natural condition the greatest quantity of spirit. His iiM|airifltr 
therefore, were limited to the south-eastern and southern distncti of 
France, commencing in the Burgundy district, and extending as finr 
south as Ferpignan, at the foot of the Pyrenees, and thence rack lo 
Bordeaux. 

The quantity of wine produced in France from year to year Tarifli 
considerably, being seriously affected by the weather and other cip- 
cumstan'ces. Of this uncertainty in the crop the following statement 
is ample proof: ^*In 1847 the produce was upwards of 54,000,000 
hectohtres, or 1,011,188,000 gallons; but in 1854, owing to the 
disease that made such ravages among the produce of the vinei 
throuf^hout Europe, the total production dropped below 11,000,000 
hectolitres, or 242,000,000 gallons, being about one-fifth of the fbnner 
year." Independently of the oidium, or the vine disease, which may 
DC regarded as exceptional, severe frosts in the early part of the jeer 
kill the plants in low-lying localities, while abundant rains in i 
render the juice of the grape inferior through weakness. It » 
well here to observe that the hectare is equal to two and a half 
lish acres, and the hectolitre to twenty-two English gallons, 
aggregate crop is liable to very great fluctuations, so is the prafM)r- 
tionate quantity in different localities. Thus, in 1861, accoraing to 
Mr. Ocilvie, the produce in the department of* the Jura was estimated 
at C} hectolitres per hectare, or about 57 gallons per acre; on the 
other side of France, in the Charente Infmeure, it was esdmirted 
at 10 hectolitres per hectare, or 88 gallons per acre; while in some 
parts the produce was computed to have reached 60 hectolitres per 
nectare. In 1858, the total j)rocluction of France averaged 25 hecto* 
litres i)er hectare, or about 220 gallons per acre; in the feUowiag 
year it was onlv al>out 14 hectolirres per hectare, or 123 gallons per 
acre. From this uncertainty of production prices must be subject to 
excessive fluctuation, which is only to be guarded against by the cul- 
ture of a larger area of 'X)il. This has bc( ome the more urgent as the 
prices for home consumption in France itself have increased consider- 
ably during the past few years ; in consequence, distillation fVom wine 
has been entirely abandoned. Still, though wine in many places is 
double what it was ten or twelve years ago, and in some parts even 
fourfold, yd it still ranges at a \ow f\«^Te v;Wiv Qon^vn&s^vGk thft dis- 
'here it is made. Ordinary wme o£ \»wA c^aai&V} tlk^ ^dQ^\^ 
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iiuioiacd, under sDch coodilions, at from Gd. to Is. fid. per guDoa.or 
troui Id. la Sd, per bottle ; irliile in tbo valley of the RhoQu it may be 
hod rroDi 4s- Gil. to lis. per gallon, or from 9d. to is. per bottle. Or- 
dioAry Medoc costs from Sd. to Cd. pur bottle- It must be understood 
tb»t tliese are tlie prices on tbc epot, and even witbout the casks or 
TSMcl* roDlaiuing tbc vrine, and that wbat is consumed in the locality 
of erotttb is exutnpt friHQ taxation. These priecs are not ehai^d 
*iu carriage or Irei^ht, or the proRlit on tbo transfer of the articlo 
flos ibe proprieior of the vineyard to tbc retailer or wine niorelinnt 

The natural strength of wine, or the iiuanticy^ of Bnirit cILminaCod 
bf oatural causes, is the effect of the dL>eumpojition of the sugar eon- 
' * '' grape, while the formation of sugar in tbe gr^M is that 



cfMoical proo««i which is called " riponio^. 






TUa mutation mainly depends on climate and soil. In northern and 
weitipm Frani'd tho wines, as q rule, arc light and inferior, and their 
naturtl strength varic? from 13 to 16 percent, of proof sjurit ; nor do 
the finMt of tbe Bordeaux wines exceed that. Of course there arc va- 
riatiotia frmn year to year. Thus, in 18J8, the percentage of proof 
i|urit in CbSteau-I/affitte, tbc finest of Bordeaux qualities, was 10.5; 
in 18G0. 17.7, and in 1860, 14.8- It thus appears that wines commer- 
cuUy the Gnest and most valuable, as Laffitte, Langoa, and Palmer, 
are not always the most alcoholic It is from Dijon to the Pyrenees, 
and on the ndes of the mountiun ranges at tbe feet of which flow the 
Sione. Bbone. and the Mediterranean, that the wine grows most 
abundantly and luxuriaotly, and poraesses the greatest strength, for 
there the summer heat is nearly tropical, especially in the southern ex- 
trcnuty of the eastern Pyrenees. There Roussillon is produced, the 
strongest of ail the French winas. It averages 27 -D. Cluimbertin and 
Clo#-VougeotbclongtotheC0(«ad'Or, in the eastern centre of France, 
Their slrei^Ih is 20.S. The wines of tbe l.'Oles du Rhdne, chiefly 
known in England as Ilennitasc, have a strength of 22. To the 
ncrtb-wost of the mouths of the Rhone, in the department of the Gard, 
tbe wines known as St. Gilles are 27 pier cent, proof spirit. 

In Switzei'land all the wine is inferior and unsuitea to the English 
iBMkeC- It is made for home consumption, and, no dunbt, is grateful 
to an accustomed palate. It is moslly made about Neufchatel. In 
nuuiy placva arounil Geneva the grape is grown to be sold as fruit. 
Between Neufchatel and the Jura tlie Burgundy wines have been 
pl«ile<l, lint they yield a wine deficient both in flavor and strength. 

We poM to the vintages of the Rhine provinces, Bavaria, Hungary. 
And Austria. This report is by Mr. Douglas, assistant surveyor to. 
the London Customs. The British consul, Mr. Roch, having in- 
formed bim that the wines of the MoscUe and of the lel^ bank of the 
BbiiM were inferior in strength, he travelled to the right bank, to 
Rudcshcim. the country of the best Rhine wines- There it is the 
rnslom to keeji the wines in large casks ofl^O gallons; mmplcs are 
given in (tlasscs to be tasted, but not to be removed from the premises ; 
nor are single casks readily to be obtained, the rule buing for the 
pr^rictors to sell in large quantities to the merchants, as they object 
u^jgju^uisoaa belwi-va sjinijar wioes. The {unous " J(AivMa>\wn^'' 
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it may be obtained as a favor for £ I per bottle. In the 
proTtnees tha grapes of each district are carefully kept aepaiate, 
that tlic produce of each vineyard forma a wine by itself witboat ai 
admixture ; nor is any adulteration practised, cacb grower or 
priding himself on the purity of his stock. The dealers, however, 
not BO hoQorable or scrupulous, but make use of nil the rcMurces 
ebcniiatry for spurious manufacture. For this fraud the towo of Bi 
gen is said to be notorioua. 

Kieoisli wines of low qaalicy are largely piport«d to the Unit 
Staleti, (he demand beltia tor the Germans settled there. Among i 
most potent wines are those of Bavaria, of which ihe king of tl 
country holds vast quantities, lodged in his palace at Wurxburg. 
i« all pure. At Pesth there are vast coltectiona of Hungarian win 
which are almost endlcis in their varieties. The strongest are tlM 
of Buda, on the side of the Danube opposite Festb, of Szexard. An 
and VcKtprim. The famed Tokay is rarelj; to be obtmned pure. 

There arc enumerated from seven lo eight hundred varielkt i 
HnDgarian wine, and I hey ar« generally so strong that they would ' 
damaged with any addition of aleohol. That which is pure will ke 
for twenty years without change of character or color, and unfiHiifi 
wine has been sent lo America without sufiering aav dcterionlii 
Bnt this pure wine is unknown to England as an article at eammen 
all that has arrived having been adulterated by the dealer* 
wboK bands it has passed, under the hypocritical pretence ol 
ing it to the English taste. Pure wines, direct from tho growc 
could be sold in London, in bond, for four shillings a gallon. T 
average production is estimated at 400,000,000 gallons, of whicb 
least one-third is available for export. As the supply h greater 
the demand, much is distilled or made into vin^ar. or even tb 
away to Ml free the casks required for new wine. Mr. Douglas 
not enter into any detail of wines strictly Austrian, not mcntii 
either their growth or quantity, though lie specifies their 
which varies from 1 7.1, as Kerschbacher, to 23.3, as Gumholdakiralini 
Tho strength of Rudesheimer is from 20,3 to 2S.7 ; of Hock, frani >l 
to 22. These belong to tlio Rbcnibh provinces. The Bavarian wii 
vary in strength from 20.8 to 22, while the Hungarian range fit 
19.9 to 28.6. The strongest are from Arad. 

Mr. C. Bernard, of her Majesty's Customs, Loudon, reported i 
Spain and Portugal. The large shippers and vineyard proprieton 
those countries havo for a long time neen rather manulBcturera tb 
producers of wine. Hence their beverages are rather described 
jotosicating than exhilarating, and ihc practice is justified on t 
ground — the correclnints of which, however, is disputed — ituttt 
natural wine would gradually become uawund unless fbrtjfied 
alcohol for exportation. It is ascertained that the best wine* imve i 
hixh a natural strcn^h that adulteration senms quite unneownl 
Wc subjoin the natural raii«es of the best ({ualities: St. Lucas, SI 
percent.; Xere»,2T.2; St. May's, 32.3 ; Montilla, 31.7. Thi* Ml 
liroci'ss. "No spirit is added lo the'miiBt' during tho prooea 
manufacture or pressing the grape nt the vincvanj, uulesa it It 
tended lo be made 'sweet wine,' anil \.Wa o^l ojiiAiu ^i.i^bX tA. 
SI gailoaa of jpirit, about ---•.-.. _•« 
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to pravent f^viGntation and to retain its swoctnoss ; and when 
Uui fwect wiDB is drawn oflfthc lee n, about six montlis aAcr it is made, 
tliree or fbor |*al1on8 more of ^int are addod, makin*^ in all 24 or 25 
oaUoDS of mint to the batt** The chief use to whi(-h this sweet wine 
» applied u the adulteration of other wines for the English market, 
giring them body, flavor, and strencrth. 

The term ** oolcres " denotes old mother wines infused into the 
newer. The fiunoos Amontillarlo is a *' cliance wine ; " because, out of 
fifty batts, only two or three can l>c counted upon, thou<rh the grapes . 
•re eathered nom the same vineyard. The wines of Valencia, B(>u- 
ieam, and Alicante, are passed off as Foils ; and to aid the fraud, the 
casks are so constructed m size and appearance as to deceive the in- 
oapericnccd. There is no such artich^ as standanl sherr}-. 

At Lisbon wine is excessively fortifieil. A natural sample of the 
quality selected by Mr. Bernard gave 25.9 p(T cent. ; another, to 
which ten gallons of spirit were added, gave 33.3. It appears, indeed, 
that the Alto Douro wines, the finest in Portugal, require some 20 per 
cent, of extraneous spirit to keep them souikI and progressively im- 
prorins'. To preser\'o the color, elderbcrr}' juii'e is mixed. The 
natoral strengtn of the Figueira wines is 23.1 jht cent. Experiments 
baye proved the absolute necessity of fortifying the best growth of 
even Alto Douro. Some of the vintage of 1834, without a drop of 
brandy, was kept till 18G1, and sent to Tendon, where it was valued 
at only £8 to £9 per pipi*, the cost to the maker having been from 
£25 to £30 per pipe. It is clear, tlien, that )X)rt wine drinkers are 
brandy drinkers witnout being conscious of the tact. 

Of Sicilian wines, the strongest, the Faro, grown in the north-east- 
em district, has 22.7 per cent, of spirit, but it is excee<led by the 
Terre Forte of Mount Etna, which gives 29.9. The Nea|)o]itan, 




of spirit. The wines known as Bellit and Asti lK*long to Piedmont, 
bat the strength is not given. 

The total number of .samples received from the various countries 
of Eunmo was 149, of which 24 did not represent pure or natural 
wine. The whole are thus classed: — 14 repn*s<*nt wine containing 
kss than 18 per cent.; 89 contain 18 and less than 2G ; and 22 con- 
tain 26 and less than 40. 



ETFECTS OK DIFFEKKNT 3IANUKES ON TUB MIXI J> HERBAGE 

OK OK ASS LANDS. 

At the last meeting of the British As^KK-iation, in 18G2, Messrs. 
Lawes & Gilbert statinl that at a ibnncr meeting they had ]x>inted 
out the great difl'eri'nce in IxHli the chemical and l)otanical charac- 
ters of tnc herbage induced by ditleivnt kinds of manure, eat-li ap- 
plied for three consecutive years on the same lot in a portion of ^ir. 
Lawcs*s park, which had been meadow for ]>rol)ably some fentuni^s. 
Now, afler the continuance of the exiK'riment for four more years, 
tbcy gave the results of a more eomjilete botanical aiialvsis of the 
pitNluce. The full details were exhibited m labVe«« V^wV vW. ^^xvvx^ 
remdtB may bo gbcrdy stated as follows : — IjumanuT^^ W \^dA ^tn^ 
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88 species of plants, contributing in a more or less degree to iim 
mown produce, of which about 75 per cent, was graminaceous, ^ per 
cent legimiinous, and 19 per cent, miscellaneous. Mineral mannrtt, 
on the other hand, gave 37 species, and the produce contsdned only 68 
per cent, of graminaceous and 9 per cent of miscellaneous, but 23 per 
cent, of leguminous herbage. Ammonia salts gave 32 species ; 89 per 
cent, of the produce being graminaceous, nearly 1 1 per cent, miscel- 
laneous, and only 0.5 per cent, leguminous. When the mineral 
manures and ammonia salts were employed together, in quantities 
sufficient to yield large crops, only from 20 to 26 species could be 
detected, and from 90 to 95 per cent, of the total produce was graci- 
inac^eous, there being scarcely a vestige of leguminous herbage then • 
to be found. The influence of ordinary farm-yai'd manure, of nitrates, 
and other manuring substances, was also indicated. It happened that 
large crops could only be obtained when large amounts of nitrogenoos 
as well as mineral constituents were employed ; and, under these cir- 
cumstances, the produce would be in very large proportion gramina- 
ceous, while leguminous hcrban:e almost entirely disappeared, as also 
did numerous miscellaneous plants, though some few, as plantagOf 
rumex, ranunculus, milfoil and carum, were one or more increased in 
quantity according to the description of the manure. In the expezi* 
ments in question the largest crops wore not only almost wholly gram- 
inaceous, out the great proportion consisted of but few genera, the 
principal being dactylis, poa, liolcus, lolinm, and agrostis. In fact, it 
seemed impossible to have at once lar;;o crops and great comple:uty 
of lierbage. This was a point of considorable interest just now ia 
connection with the question of the application of town sewage to 
grass land. In some experiments on the application of sewage at 
Kugby, it was found that the herbage became- more simple, the bulk 
of the produce consisting of dactylis, lolium, and holcus, with scared/ 
any leguminous herbage, but a good deal of ranunculus, and more or 
less of some other weeds and other grasses than the three named. 
On a large proportion of the sewage meadows at Edinburgh, agaiOt 
the produce was composed almost exclusively of three or four specieSi 
of which triticum repens and lolium perenne were the most predomi- 
nant. 

SEWAGE AND UEALTH. 



In a paper recently read before the Tendon Society of Arts, Mr. 
Bawlinson, a distinguished English engineer, stated that the death- 
rate of London and of the gi'cat mainiracturing towns of England 
diminished just in proportion to the abolition of sinks and cesspools, 
and to the perfection and completeness of sewage drainage. The 
author maintained that if all the sewers were of sectional dimensions, 
forms, and gradients (as they might be), to transmit fresh sewage, and 
not retain it until putrefaction sets in, the public health would be 
further improved. The full and proper ventilation of sewers and 
drains was of the utmost importance ; drains should be so laid and 
arranged as to render contamination of the air within houses by 
sewage gases impossible. Sewers should not pass beneath houses, 
and drains should commence at external walls, so that neither sewtf 
Dor drain should be beneath t\ie basemfcivX. c^ ^k^ \kKMdife. 
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The Influence of Drainaqe on Public Health. — AremarkaWe in- 
Etanco ol' the influence of Wiwn drainage on the public health is shom 
in & report which has just been issueJ bv the sanitary commitlee of 
the Halifax oorporation in England. Great aewcmge works have 
been t-onstnicted since 1851, ami between that peritri and the pres- 
eut the death-rate has decreased from 25.39 per 1,000 to 21.48 per 
1,000. _ This is in the tovm of Halifax itself; in the "Union "the 
nortalit}' has only decreafed 1 j- per cent., a fact which shows more 
clearly the beneficial operation of the aanitary improvementa in 
Halifax. 

SEWAGE OF CITIES. 



the general conelnsion he had arrived at was, that although s 
manure is very derirable for grass crops, it was next to useless for ara- 
ble land or j^en crops, or even for market gardens. The valne of 
sewage could only be asccrtwncd experimentally on the field. Pres- 
ent experience only went lo show that, according to the soil and other 
conditions, the town sewage of Bdinburah, which is rather more con- 
densed than that of London, was worth only from one-half pence to 
one and a quarter pence per ton. In applying sewage, it was better 
t« allow the depoHt of suspended matters, and use only the clear 
liquid. As ho had said, the only crops to which they could apply 
Kwagc to advantage were grass crops, and then it must be appliiMrin 
^at quantiljes and at the particular time when it was ret)uirc<). It 
should be applied, if posable, by gravitation and open irrigation, for 
no seal had the power of laying up in its body the greater part of the 
soluble fertilizing constituents. On poor sandy soils, the cxcrcmenti- 
lious matters of sewage were of great utility ; but in reference to 
ffood clay soils, water was the most valuable portion of the sewage, 
Qie fertilizing mattei-s being in that case of tittle or no importance, m 
fact hardly worth calculating ; whereas, on light, poor, sandy soils, 
the valnc of sewage rose or sank with the amount of fertilizing mat- 
ter applied to tho land. So far from sewage being n great fertilizer 
of vegetable gardens, it certainly would not pay for the machinery 
and pipes necessary to bring it even from a short distance, and spread 
it on the ground. Anything that was grown Ytsy quickly was in- 
ferior in nualily to the same kind of thing which was grown more 
slowly. Quickly-grown grass, for instance, was far more crude than 
that which was grown slowly — extreme rapidity of growth being 
always attended by inferiority of quality ; but, o( course, it was quite 
another thing whether it was not more profitable lo producers to 
have the lai^e increase in qiwntity, although it was attended by some 
d^ree of inferiority. 

SEWER DEODORIZiTIOS BY CHAECOAL FILTERS. 

The investigations of Dr. Stcnhoasc, of I.ondon, in respect to tho 
action of charcoal in deodorizing Ibul gases, etc., are generally well 
known. In a paper, however, recently communicattii Ui ^Ihi "Vaaftsio. 
Society of Am, ho gives a reitm^ o£ 'the opinions iHv4 tcwiia ■«\aeV 



216 AtraPAL OF SCIE^TtriC DieCOTEUT. ^ 

he hai arrived at, since the outset of his experiments, irbich is veil 
worthy of atl^ntion. He lays: — Towarda the iIobc of 1833, mj 
attention was first directed to the deodorizing and dinntecting prop- 
ertica of charcoal ; and I was not hing in discovering tJiat the views 
which had been previausl/ ent«rtained regarding the action of lAnr- 
oofti were exceedingly erroneous; for, instead of acting r- -~ "■■''- 
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Kptic, and tiK^reby retarding the decay of putrefying Hubglan<?e9 vitb 
which it wail in eontact, as had been previously tuppoeed, iu aetm 
was the Teiy reverse of this. Chnreoal, therefore, Irom the conaid- 
crahle amount of condensed oxygen contained within its porw, 
nmounting to between nine and ten ToUimes (and which, it DU^bl 
liave been added, appears to be continunlly renewed of itself, nnfea 
the pores bo allowed to be filled with water, or the ehajcoal, in olier 
words, to become wet), not only absoi'l», but nipldiy OKidizes At 
effluvia and miasmata enuttcl by decaying snbstanees, and retolm 
thutn into the simplest combinationB they are triable of fbnning. 

All porous Bui^tanecs, such as platinum black, pumice-stjme, etCi 
posaeas the power of condensing gas within their pores. 

The chan'oal air-filter eonsiBts of a layer of charcoal 
powder, varyiuE in size, according to circumstances, between a 
Dean and a filbert. The charcoal is placed between two sheets 
wire gauze fixed in a frame, and can be readily apphed ' "—^ '— 
to ships, to the air^hafts of sewers, to water-<'!osct», ti 
and various other purposes. All the impurities in the air 
bv the charcoal, bo that a cyrrent of pure air alone passes thi 
tutor ; and in this way pure air may be obtained from exceecUiq 
impure sources. It is plain that perforated kidc, or a framework 
coarse wire filled witli larger nieces and a greater thickness of cb 
coal, may be also employed, whenever the amount of effluvia emh 
ia very considerable. 

Before the close of the year IS24, air-filters or charcoal ventilal 
were fitted up both at the Mansion House and GuildhaU. Thcr 
each of ihem several feet in diameter, the lavcr of charcoal w 
about one and a half inches in thickness. Altliough ax jean h 
olapsed, the charcoal has never re(]drcd (o be renewed, owing to 
oxidating power being practically^ unlimited. Air-filters were w 
aAurwards largely employed in private houses, in connection n 
drains and water-closets [larticularly ; and they were also -very t 
cessfully apptieil to the construction of respirators, many thonaaiuto 
which have evej- since been annually manufaeturod. 

Mr. liawlinson, during the last four years, has applied charcoal I 
filters to the ventilation of sewers on a largo scale, near L 
at Swansea, and other places. The efficiency of the charcoal «,, 
never to dinuuiah, if it is kept dry and its pores are not cholced up 

The expense of applying charcoal to the disinfection of the mW 
b by no means considei-ablc, as the first outlay is all that is i«rinir 
The only precautions to be observetl arc, that while the fihen shall 
aheltered Irom rain and moisture, free aooeas shall be given to tho i 
In conclusion I may state, that for the last ux years 1 have 
rocommeniled that charco.il air-filters should he applied to a 
tJrains, aiulu, and water-cLoscta. 
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Enerj water^loset, in my opinion, ought to be furnished with a 
■DbndiaiT' pipo branching^ ou from the main pipe, a little below the 
valTe of the closet This subsidiary pipe should be carried a few 
feet above the seat of the closet, and its extremity — which should 
be open, with the exception of a few wires stretched across it, merely 
to prevent the charcoal falling into it — should terminate in a char- 
cou filter nx or eight inches thick, into which it should penetrate to 
the depth of two or three inches, so as, in fact, to bo enclosed by a 
good body of charcoal. Under such an arrangement as tlilt), no foul 
gases can penetrate into the closet. 

From the precedinj^ statements, it is plain that the oxygen con- 
tained in the air of the atmosphere is by far the cheapest and most 
eficctive deodorizing and disinfecting agent with which we are ac- 
goainted, and that the usefulness of the charcoal aii^filtcr consists in 
Its afiordinff a safe and advantageous means of applying atmospheric 
air to disinfecting purposes. 

UNWHOLESOME FOOD. 

Animal poisons sdll constitute one of the most obscure problems 
with which chemistry and physiology have to deal. When the Tsetze 
fly, mentioned by ur. Livingstone, kills his victim, the horse, by a 
waisting disease, how small in quantity must be the morbific matter, 
which, working we know not how, deranges the vital processes of 
nntriticm and assimilation, and modifies the condition of all the fluids 
m the ffreat body of the unhappy brute. When a German village 
•affers from the influence of the peculiar vims developed in badly- 
prepared sausages, or when a dish of mussels torments the admirers 
of that questionable variety of molluscous food, our analysts fail in 
their efforts to separate the peccant matter from the general mass, 
and oar physicians are not more successful in the endeavor to explain 
the precise mode in which disease or death may supervene. We look 
to the general law that '^ a molecule in motion tends to communicate 
wnilar motions to other molecules within its hifluence/* as expressing 
what probably takes place in the class of facts with which we nave to 
deal ; and although we may in some cases be able to discriminate be- 
tween the var^'ing amount of danger attending different stages of 
patre&ction, we cannot define the precise conditions in which a decay- 
mg substance exists when it is invested with the hif^hest amount of 
deleterious power. Ofleusiveness to the sense of smell is no criterion, 
because sulphuretted hydrogen, and other gases, which make a vio- 
lently unpleasant appeal to our olfactory nerves, arc capable of exist- 
ing quite independent of any organic ]ioi<ion, or miasma, which may 
or may not accompany them, according to tlie circumstances of the 
case. 

When we have to deal with a preparation of arsenic, tobacco, 
opiom, or any substance employed m medicine or the arts, we are 
aUo to extract a definite material which has little or no tendency to 
undergo further change, unless it is brought into contact with ciher 
bodies under certain conditions. Thus antenious acid may bo pre- 
•ervod unaltered for an indefinite period; the «U of tobacco or 
tbB Mlludoids of itpium wdl remain uncbaxigeii Va qnlt \x3^)^«&\ \n^ 
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when putrefaction assails an oi^nized stroctnre, the morbifi fower 
that is CTolved lies in the pecuhar motions and changes which infln- 
cnco the ultimate arran^mcnt of particles, and in the operatioa 
which they exert upon other substances susceptible of similar altera- 
tions in their condition. There is also another consideration that we 
must bear in mind, and which results from the complex arrangement 
of atoms in the organic world, or in products whicn may be acriTed 
therefrom. As an illustration of this complexity, let us look at the 
amylaceous and saccharine group of bodies, starting with cane-sugar, 
in which we find twelve equivalents of carbon, eleven of hydrogen, 
and eleven of oxygen. Professor Miller gives a list of eighteen sub- 
stances of this group, exhibiting various elaborate combinations of a 
multiplicity of atoms of the three elements. In other groups belong- 
ing to the animal series, still greater complexity prevails, and as sucn 
substances are built up in a great variety of ways, so there is an equal 
variety in the modes in which they may be taken to pieces, and a 
change of properties — sometimes a very striking one — is found at 
every stage, whether of the ascending or descending scale. Thus we 
can understand how putrefactions — which are regulated modes of 
reeolving complex bodies into simpler forms — may, under different 
circumstances, afford very different results. 

These reflections will assist in explaining the great dann^ers which 
result firom animal food in an unsound condition. If disease haf 
changed the normal state of the particles, we may be sure that the 
food IS made mischievous, although we may not, without experiment, 
be able to say to what extent any particular individual may 8u£Fer 
fit»n eating it. 

Professor Gam^ee, in an important article on *^ Unwholesome Meat 
and Milk," ^ classifies the evib of bad animal food under five heads, as 
produced by (1) Cadaveric venom and animal poisons of undeter- 
mined nature, developed spontaneously in health or disease. (2) 
Animal poisons well known from their effects in creating specific con- 
tagious diseases. (3) Organic poisons, the result of decomposition. 
(4) Mineral and vegetable poisons absorbed into the systems of ani- 
mals, and which contaminate their flesh and milk. (5) Parasitic ani- 
mals and vegetables, inducing disease in men. The learned professor 
is inclined to *^ren;ard as one nnd the same deleterious principle de- 
veloped in an infiuiated and over-<lriven ox, a passionate woman, the 
cadaveric venom of the human subject, or that of human beings or 
animals suffering many hours in labor, or from parturient fever." 
We may presume that the juices of an enraged philosopher would be 
quite as dangerous as those of a passionate woman ; and in all these 
cases there is a connection between a certain mental or nervous con- 
dition, and the poisonous character which the solids or fluids assume. 
Mr. Gamgoe says that he has frequently sjwken to butchers on the 
subject, and received from them an account of how they have suffered 
from cuts received in dressing over-driven animals. Li man, he telb 
us, the meat of such creatures produces violent dysentery, with febrilo 
excitement. 

Vliere specific malignant disease exists in animals, the danger of 

> Edinburgh Feferiiiary Beolcio^llii^^sva. 
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iHUHg their ftodi for fix)d is exceedingly great, and very Lumeroua 
caaes of seTere disorder and death are on record. With reference to 
plearo-pneumonia, which brinss so many beasts prematurely to the 
ihambles, it is satisfactory to learn that, although the flesh b deterio- 
rated, it ** cannot bo called poisonous ; ** and, strange as it may seem, 
the occurrence of this disorder has furnished tho milkmen with a 
profitable mode of carrying on their trade. Professor Gamgee 8a3r8, 
" In the city of Edinburgh there are dairymen who never knew what 
it was to make money until plcuro-pnoumonia appeared. They ori- 

S'nallv paid ten or fifteen pounds for a rich-milking A}T8hirCf which 
ey kept a twelvemonth or more. They now pay twenty-five or 
thirty pounds for a fat cross-bred short-horn cow, which they calculate 
on seUin^ diseased within three months from entering th'.ur dairy, and 

they find the latter system most profitable Tliey have gone 

io far as to say, * ^Ve do not want disease out of the country ; it is 
keeping everything high.' " 

PHOSPHOaESCENCB. 

The experiments of M. de Reichenbach tend to prove that phos- 
phorescence is a usual consequence of all molecular phenomena, and 
not the result of combustion or oxidation. Mr. Plnpson proved this 
last point some time ago, when he showed that dead fishes shine in 
the daric, even under water, and in the absence of oxygen. 

According to M. de Reichenbach there is phosphorescence during 
fermentation or putrefaction, crystallization, evaT)oratioD, condensa- 
tion of vapors, the production of sound (vibrations therefore), 
and the fusion of ice ; a considerable ^low is remarked when a gal- 
Tanic pile in activity, a block of ice m fusion, or a solution of sul- 

Site of potassa in the act of cr^-stallizing, is obsor\'ed in the dark, 
e human body itself is not devoid of phosphorosconcc. In a 
healthy state it emits a yellow glow. When in ill health the glow 
becomes red. The author considers that this observation may possi- 
bly be of use in diagna^s. To perceive these phenomena the eye 
oi^t to have been previously rendered sensitive by remaining some 
hours in perfect darkness, and even then all eyes are not equally 
impressionable. But, if several persons unite in performing the ex- 
periment together, there will always bo a certain number who are 
able to see the phenomena. 

These facts of the production of light remind the author of obser- 
Tadons published some time ago by 5l. Wullner, according to which 
every molecular movement is accompanied by a disengagement of 
electricity. — Pogf/endorjf^s Annaleiu 

PUOSPUOUUS IN THE BUAIN OF MAN AND ANIMALS 

As the results of various chemical examinations. Prof. Borsarelli 
arrives at the followin'^ conclusions: 1. The medium quantity of 
pboe^liorus found in liie bniin of man and some other nnimais is 
more than triple that assigned to this organ by Persoz and Oper- 
fflann. It ratics from 1.3o2 to 1.790 per cewV. "i. T^Vx^i-^xoe^woa^ 
tf the animal economy is found in largest quantXly Vn \2ki^ istiibcGL^ \si i 
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lefli pro p ortj on in miiscle, and in a still leas proportion m the 
acb. S. In man, the quantity of phospborns increases in a decided 
manner, in proportion to his years, in the brain and in the mnsciilar 
flesh, and in a less marked manner in the stomach. 4. The leai 
quantity of phosphorus found in individuals under puberty, whose de- 
Telopment is not completed, arises from the greater quantitjr of this 
metalloid required for the solid parts of the frame. 5. The difference 
in the quantity found in an adult or a person of advanced age and aa 
individual under puberty, amounts, for the brain, to 1.14 compared to 
1, and for the muscular substance to 2.19 as compared to 1. 6. The 
amount of phosphorus found in the adult or aged person, and in the 
ox, the calf, the sheep, and the hog (with the exception of the flesh 
of this last), is very much the same, — the average being, as reganb 
the brain, 1.560 in man, and 1.553 in the anin^; and as reganb 
the muscular substance, 0.872 in the former, and 0.876 in the latter. 
In the hog, however, the flesh contains 1.012, being rich in phos- 
phorus, as compared with that of the other animab examined as 
1.15 to 1. This may be one of the reasons why the flesh o£ this ani- 
mal is more stimulating than that of others. 7. Flesh by boiling in 
water loses one-half of^its phosphorus ; so that the flesh of the nog, 
which uncooked contains 1.012 per cent, after boiling only contains 
0.567. Hence we sec why in practice boiled meats are found to be 
most suitable for the convalescence of those who have suffered from 
hyperassthenic diseases, and why roasted meats impart vi^r to those 
whose strength has become exhausted by those of a debihtating char- 
acter. The good eflects of meats so cooked do not, however, solely 
arise from the presence of a m*eater proportion of phosphoric com- 
pounds. They also contain a larger quantity of the proper nutritive 
principles of the flesh, which, being soluble m water, become lost in 
t)oiling. — OmodeCs Annali AniversalL 

CLEANING AND PRESERVATION OF ENGRAVINGS. 

In a communication addressed to the Scientific American^ Dr. A. 
A. Hayes, of Boston, describes the following process for restoring val- 
uable engravings which have become damaged through accident or 
exposure. He says : — 

In commencing to restore an engraving, some attention must he 
given to the kind of injury it )ias sufTered. A general brown color, 
more or less deep, resulting from atmospheric action only, is the least 
possible change. Spots and stains, caused by ink, colored fluids, oil, or 
insects, must be first treated, and all pencil marks removed by India- 
rubber or bread crumbs. A fluid acid, obtained by dissolving one 
ounce of crystals of oxalic acid in one-fourth of a pint of warm 
water, may bi; used for application to all stains, and the paper should 
be wet with it thoroughly where spots of any kind exist. Excepting 
in a few cases, this acid will not cause the removal of stains immedi- 
ately, but generally it combines with the bases of them, and they are 
removed by subsequent steps ; the thorough wetting should bo done 
a few hours before procecdmw to cWai\ tK<b eu^aviu^ The cngrav- 
ing should then be placed in. a &\iaXLovT Vvif est ^^^\ N««ifi«^ '«s^ 
Miwwed to rest upon a ]^ece o£ o^ii coi\oTi «x>\S^ w xxSSmav.. *^S2taa 
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I. of nutable <UinoitMoiitt, sboold have two reds or gticia sewn 
o opposite eilgea. These sdt-ks will hang over the sides of tLe vessel, 
uul permit the prinia to \xt withdrawn or moved without any risk of 
injary, and they should romaiu in soak with warm or cold water tbr 
twelve or twenty-lour hours. When the prints do longer disetrior 
the water oa being agitated, the Doid should be withdrawn, and 
enough clean water added to cover them. Half a pound of chloride 
of line should be made into a paste with eold water, aod stirred up 
with two quarts of water, and allowed to settle lor ax hours. Part 
o( tbe clear Bolutiou should be added to the bath till the smell of 
cbolorinc is perceived, and the prints should be moved to facilitala tba 
iction. In very bad cases, one ounce of muriatic acid mixed with 
a pint of water inay be added, and when the bleaching is effected 
tLe prints should be well washed with fresh water and slowly dned. 

On the finjt trial of this process, remarks Dr. Hayes, a degree of 
alarm will be felt in the case of a highly-prized favorite at this seem- 
ing careless treatment; but it must be borne in mind that paper 
is a firmly felted mass of short fibres which may be soaked in varioua 
fluids for weeks, and resist all diluted acids and most chemical agenla 
Ibr a long time wet, if not exposed to mechanical abrasion by toutfi OF 
rapid moiioo. 

VKW TIIEOBY OP ODOBS. 

A physical theory of odors and savors has been put forth bj M. 
NicUcs. who has sought to establish some general laws which preside 
oTcr the geueralioH and perception of these two properties of bodiea* 
He attributfa the tbrmation of odors to three caU^gorics. I. Tbo 
combination of two inodorous txxbea. 2. The action of an odorotu 
oa ati iaodoTous body, and reciprocally ; and, 3. The combination of 
two odorous bodies, which produce either an odor hke one of the ele- 
meuls, or an odor entirely new. As examples of the lost he cite* 
balvrie and ether witli the odor of ananas, the essence of apfdea, 
ana the eiuence of Gaultcria. M. NickUs finds that there are 
bodies endowed with a peculiar odor which persists and rules in a 
great number of combinations, in the same manner ns the c(dor of 
taste of certain bodies is maintdoed in certain combinations. Two 
bodies pcribrm an important part tn the theory of odors. Hydrogen 
devetops the odor of the bodies with which it combines, and, at the 
ramc thne, rendere them more volatile. Oxj-nen, on the contrary, 
diminishes the i-olattlity and odorability of the compounds. Yot 
oxymm a indispensable to the perception of odors. It seems alwavi 
tu 'uit«rvi'nu in tliat act. an<l perfumes make an Impressbn on the 
olfaclm^' nerves only In proportion aa they are burnt by the air 
of the fllnuHphoro. llydrt^u and oxygen arc inodorous in the 
pure state. Their compound, water, has an odor, wliich may be per- 
ecirod when drawing it into the nostrils. Id general, the odor and 
-- ■ " -■ ... --1.. !■- — .I.J electro-positive element, 
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PBODOCTIOK OF NITRATE OF AMICONIA BY AIB ASD WATIl 

M. Schonbein has shown that citrate of ammonia ti formed At i 
expense of air and water (luriag the alow combiaatioD 
ruB. Ha Una likewise proved that this salt is present in meteo 
waters, and has theoee coneluded that its jbrmation iniut be due 
A -very general cause. lie now announces that this cause is foand 
the simple fact of the volatilization of mater in free air, and be d( 
many experiments which conGrm this belief. The process which •< 
ceeds the best is to cause water to fall drop hy drop in a metal 
vessel heated aboTC 100° C., withont, however, reaching the poi 
At wliicli the liquid passes into ihe «phcroidal state. By holdinf; 
cold flask aboTc the vapors which are produced, ho condense* en — 
vater to recf^nize the presence of nitric acid and ammonift. 
Schiinbein has remarked that the quantity of nitrate of ainii__ 
condensed with the vapor of the water is very variable, sometii 
almost nt^ and he is disposed, in the absence of any pomtive 
mination, to attribute these variations to changes ot temj — 

It is not. howover. necessary that the water should boil, as tl. . 

produced during: all evaporation, and its presence may be sbown 
the water that remains nfler a portion has been evaporated. A abe 
of filterin;; papH^r dipped in pure water, and dried in the air, bHCOm 
impregnated with sufficient nitrate of amraonia to be distinpuEhed 
the water with which the paper is washed, and it can be discoven 
in ticen that has been washed and hung up to dry. In all tht 
cases the production of nitric acid may be rendered more cvidcint 1 
adding to the water which is evaporated a little potash, to fix tl 
Acid. Wet sand dried in the air becomes impregnated with nitni 
of ammonia. 

ACTION OF NITROGEN AMD KITRIFICATION. 
This interesting subject baa been brought before the Aeadftm^l 
Sciences, Paris, by Mr. Sterrr Hunt, in a note read at a recent met 
ing. Ho attributes the simultaneous production ot an acid of mtr 
(^n and ozone, whether by the electric spark, or by the slow oxid 
tion of phosphorus, to the power which oxygen possesses of biinUl 
Ammonia, thus setting at liberty the acid of a small quantity of nitni 
of r^enerated ammonia, and even, according to the obserrations I 
M. Houzeau, carrying its o.\idizing action so far as to acidify tl 
nitrogen of the atom of ammonia. Thus, as some chemiRa hai 
maintained, certain reactions attributed to ozone arc due to ■ mi 

Srnautity of nitrous acid, which is formed when the active oxygen 
ormed, while the ocUve OKVsen is in contact with the mcnsl atmo 
pherie nitrogen. On the other hand, the h}-drogoa set at Iibert3r 1 
certain reagents would have the effect of destroying the nitrons ad 
of the nitrate of regenerated ammonia, thug setting at liberty ll 
ammonia of the salt, and formirig a second atom of ammonia, in coi 
■cfiuence of the reduction of the acid. Mr. Hnnt asserts that tl 
exneriinonts of Professor Schunliein confirm his theort in a rcit 
Ahte manner. He adds that Professor S^hniffer, of Wuhlni^ 
twidvv jvBTS n^ in a memcoi on VbQ toeua at Tcca^nEA^ 
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prewnee of small quantities of the acids of nitro^ven, affirmed that 
rain water, free from all traces of a nitrate, acquired a stron*]^ reaction 
«f it after baying been exposed to tbe air for some hours during the 
beats of summer. 

A NEW STIMULANT. 

Beports have, from time to time, of late years, come from South 
America, respectinsr the peculiar properties of* the leaves of the Ery^ 
throxyhn Coca, which arc said, when chewed like tobacco, or infused 
as tea, to have the power of sustaining the bodily strength under pro- 
longed fatigue and privation of food and sleep ; and that, too, without 
pnyducing, if used in moderation, any subsequent reaction. Within 
the last year, Dr. Gosse, of Geneva, has given to the world, in the 
Proceedings of the Belgian Academy^ a monograph of this interesting 
plant, in which, so far as testimony can be trusted, the effects in ques- 
tion may be considered as fully established, if not to the almost mira- 
cnlons extent which some of the accounts describe, at least quite suf- 
ficiently to prove it a most valuable auxiliary under very extreme 
circumstances of hard labor and privation of nutriment. 

The Erythroxylon Coca, Ypadu, or Hayo, is a shrub of from two 
to eight feet in height, very abundant in branches and leaves, which 
is cultivated extensively in many parts of Peru, and in Bolivia, chiefly 
on the inferior slopes of the Andes. 

Prof Mantegazza, who was in the habit of u.sing it daily for two 
years, describes its effects, when taken after a meal (the dose, from 
twenty to thirty grains of the leaves, infused in a cup of boiling water 
or chewed), as producing in a very short time that state of ease and 
comfort which accompanies a perfect digestion, so marked that it is 
impossible for one ever so habitually inattentive to his own sensations 
not to be struck with its advantageous eficct in accelerating and facil- 
itating this important function. Taken fasting, it seems to destroy 
the desire of food, not, however, by creating any degree of nausea or 
depression, but, on the contrar}', exciting and sustaining the bodily 
power so as to render food unnecessary. Instances of its agency in 
this direction on the Indian laborers, porters, couriers in the Andes, 
etc, are given in the memoir of Dr. Gosse in great numbers. Thus, 
to give a ringle instance, on the authority of Mr. Stevenson, who 
resided twenty years in South America, where he had abundant oc- 
casion to witness its effects, he relates that ** the natives of many parts 
of Peru, especially in the mining districts, chew this leaf while work- 
ing or on journeys, and such is the nutrition they derive from it-, that 
they often pass four or five days without taking Hhy other nourish- 
ment, even while working without interruption. " They have 
oflen assured me," says Mr. Stevenson, ** that, provided with a good 
supply of coca, they experience neither hunger, nor thirst, nor fatigue, 
and that without injury to their health they can remain eight or ten 
davs, and as many nights, without sleep." 

Uiied in moderation, as before observed, for however long a period, 
it does not appear to exercise any deleterious influence on health. 
Taken as a stimulant, however, and' in over-doses, its use is, no doubt, 
to be deprecated, as leading to consequences as serious and deplorable 
«f tbe habitaal use of opium, or any other fi\\m\i\aLXi\. ot t^t<ic^^« 
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The coca leaf has been subjected to cheittical Bsaslytia bj 1£ !SRe- 
mann, a pnpil of Professor Wohler, of Gottin^n, who succeeded in 
insulating from it a peculiar alkaloid, to which be has giTen the name 
of ** cocaine.** 

POISONOUS EFFECTS OF CARBONIC OXIDEi 

Dr. Lethcrby, of the London Hospital, who has recently deToted 
much attention to physiological action of carbonic oxide, states that 
he has ascertained that this gas is so deadly in its action that air con- 
taining only 0.5 per cent, of it will kill small birds in about three 
minutes; and that a mixture containing one per cent, of the gas will 
kill in about half this time. An atmosphere naving two per cent of 
the gas will render a guinea-pig insensible in two minutes; and in all 
these cases the effects are the same. The animab show no sign of 
pain ; they fall insensible, and cither die at once with a slight flutter, 
hardly amounting to convulsion, or they gradually sleep away as if in 
profound coma. The post-mortem appearances are not very striking ; 
the blood is a little redder than usual, the auricles are somewhat 
ji;orged with blood, and the brain is a little congested. In birds there 
IS nearly always effusion of blood in the brain, and it may be seen 
through the transparent calvaria by merely stripping off the scalp 
after death. 

Accident has also demonstrated how injurious the gas is even to 
the human subject For many years past attempts have been made 
to promote the use of water-gas as an agent of illumination. The gai 
sometimes contains as much as thirty-four per cent, of carbonic oxide. 
It is obtained by passing steam over ix^d-hot charcoal ; and as the 
steam is decomposed b^ the ignited carbon, the hydrogen is set free* 
and carbonic oxide, with carbonic acid, is produced. Patents for thit 
process of manufacturing gas date as tar back as the year 1810, and 
they have at various times been put into operation into this country 
and on the Continent. Sollique, in 1840, obtained permission to use 
the gas in the towns of Dijon, Strasburg, Antwerp, and two of the 
fauboiugs of Paris and Lyons. At Strasburg an accident occurred 
which put a stop to its use. Tiie gas escaped from the pipes into a 
baker's shop, and was fatal to several persons ; and not long after an 
aeronaut, named Delcourt, incautiously used the gas for inflating his 
balloon. lie was made insensible in the car, and those who approached 
the balloon to give him assistance fainted and fell likewise. The uie 
of the gas has, therefore, been interdicted on the Continent. 

CAUliOMC ACID AS AX AN.E3THKTIC. 

Dr. Ozonam has recently detailed to the French Academy hb ex- 
periments on the above subject. After forty trials with delicate ani- 
mals, whose sleep he had prolonged for one or two hours at a time 
without accident, he operated upon a human subject suffering from a 
deep abscess in the thigh. He begun by administering a mixture of 
three parts of carbonic acid and one of common air contained in a 
caoutcnouc bag, and furnished with a long tube, terminating in an 
enlarged aoemng^ capable of recemn^ xVi^ mnrailVL ^tA nofae. This 
WBM applied so loosely that Ibc patient QO\A<i t^vt^ vs w^^^^a^^ 
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^^1 nuKtaTC. In two mintit^s he was ade«p, with anccleratpd respi- 
ration atnl nbnndant perspiration from the face. This last phenome- 
non, Dr. Oionnin obnerre^ appears to be tho result of a speciliF action 
of carbonic acid, which proaacca it if (tireclcd upon the skin as a 
dnitchc. or in a bath. The patient erinced no conseioiian ess when 
the incision tras randc, but the inhalation of tlic gai was suspended 
jn^l before the last cut. which was fell, and the young man awoke. 
When the gas is properly admitiistered. conacioa«iiefls is recovered M 
soon as the process is suspended, and Dr. Ozonam claims (or hii 
iiimJw^ greater safety than belongs to chloroform. 

Hk KEW DSK FOB CARBOLIC ACID. 

! . Dr. J. G. Ashbj. in a commnnication to the London Afechanic^ 
Xagaant, thns notices a retnarkablc pr^erty possessed bf carbolic 
acid in relation to praetieal mechanics. Ho gaje : " Carbolic acid is 
one of the products of the destructive distillation of coal, and till 
within a few years vast quantities of it were utterly wasted. When 
perfectly pure it is a white crystnlline solid, which b; absorbing wat«r 
soon changes into a colorless refraclive liquid, having a faint odor of 
roBCfl and tar. It is not an Eicid in the popular sense, not being either 
soar or corrosiTe, and should therefore, perhaps, be ];cnerally desig- 
nated by its other title of phpnole. Crude carbolic acid may be ob- 
tained in bulk for about a shilling a gallon, and is a dark tarry li(|uid, 
contvning, perhaps, from ten to twenty difTerent substances, in a 
■tale of mechanical admixture. Fortunately, this crude acid is avful- 
able for the purposes to which I invite the attention of your reader*. 
Jiat as oil ii an anti-frictional liquid, so is phenole pro-frietional ; or, 
to state it more correctly, as oil appears to keep surfaces in motion 
asunder by interposing a thin film between them, so phcnolc appears 
to make them bite and bind, by bringing them into absolute contact 
(after n manner of speaking), and removing even the finest film from 
betwpi-n them. Any one may convince himself of this by placing a 
little apon a perfect!/ clean and dry oil-stone, and then rubbing up 
tho face of a broad chisel upon it. The sensation of the Inte — I 
know of no other word to express it — is very curious, and renderi 
any further explanation unneccssan- \ it seems as if the stone and the 
steel had absolutely nothing between them, or even ns if they wera 
positiTcly brought together by some attractive force. I have applied 
this property of carbolic acid to the following oprations,vi£., grinding, 
filing, boring, and sawing in metal, with great apparent advantage. 
When dissolved in fifteen parts by measure of methylated alcohol, it 
fonns a milk-white emulsion if poured into water, and it mar bo worth 
while to Hsceilain whether such carbolatcd water would facilitate tlie 
ordinary work of the grindstono, a point on which I am not able to 
speak witb cert^nty." 

THE MANCFACTUnE OF COLOB PHODUCT3 KEOM COAL-TAK. 

Froin a lecture recently delivered to a popular audience st the 
Roya! Institution, I^ndon, by Prof. Plaj-fair. iic make tho following 
uUMcte in which cJu'i celebrated kctvurar cm voooka ^!ttla <^M^ 




228 AXNUAl- OF SCIENTIFIC DISCOVEKY. 

traces the various steps by which the well-known coloiis, maaye, 
mi^cnta, etc., are manufacted from coal-tar : — 

Coal-tar is a very complex body. It contains a large number of 
substances, some of whicn arc rolatile, others more difficultlj Tolatile, 
and others not at all volatile in the ordinary sense of the word. 

I have here a retort filled with tar, and I am now going to pan 
through that a current of steam; and you will see that after a little 
while, when it passes through freely, it will distil over along with the 
water, and that this water will contain, swimming on its top, a certain 
quantity of naphtha. The steam which passes through tne tar will 
take away the more volatile portions of the tar and condense it upon 
the top under the name of naphtha. What remains behind is a mix- 
ture of what is called dead oil and pitch. This dead oil is aflerwards 
dbtilled off, and what remains behind in the retort is finally pitch. 

In distilling it in this way we obtain from one hundrra parts of 
coal-tar, of naphtha nine parts, of dead oil sixty parts, and ci pitdi 
thirty-one parts, so that there are various substances obtained. I 
have only time, however, to deal with the naphtha. Now, naphtha 
itself, or the substance which we f^et over by distilling the tar with 
steam, is a general word also. The crude naphtha contains, first, 
basic oils, or oib acting as bases ; secondly, acid oils, or oils acting as 
acids ; and, thirdly, neutral hydrocarbons. 

This naphtha is purified and clarified. There is added to it sul- 
phuric acid. The sulphuric acid takes up the basic oils, unites with 
them and forms salts — sulphates of these bases. The sulphuric add 
unites with the basic oils and produces this ^^ sludge," as it is termed 
by the manufacturers — the bases united with the acid. 

Now, these arc extremely valuable, and it is from them that coal- 
tar colors are obtained ; but they are entirely lost by the manu&c» 
turer. They will probably be saved aflerwards, but at present thej 
are thrown away as a soit of tar. The first things that we obtain of 
any advantage arc the acid oil and the naphtha. The naphtha itself, 
the crude naphtha, is employed at once, without any purification, for 
the purpose of making India-rubber water-proof coats and similar 
articles. But it is purified for various very important purposes. 
When the most volatile portions are collected, what comes over are 
the acid oils. Now, these acid oils consist of two acids, carbolic acid 
and cressylic acid. Carbolic acid has the formula C]tH«Os ; and the 
cressylic acid is what is called a homologuo of the other, or contains 
CsH| more. It consists of CuIIgOj. Common creoseto is a mixtnre 
of these two acids. This carbolie acid wliich forms common creosote 
is, after purification, and when perfectly dry, a solid, and forms one 
of tlie most powerful disinfecting a;;cnts. When this acid is treated 
with nitric acid, it loses part of its hydrogen, and that hydrogen be- 
comes replaced by peroxide of nitrogen, a lower oxide of nitrogen 
than nitnc acid. When it is treated with nitrogen three of these go 
away, and the hydrogen is replaced by what is termed a compound 
radical — a body which plays the part of hydrogen, and which forms a 
yellow substance called carbazotic acid. Oarbazotic acid is carboKc 
acid, three of whoso equivalents of hydrogen have been substituted 
l^ three equivalents of an oxide of nitrogen. 

NoWf tbi3 carba20ti2 acid can be pTQ\kxtQ<\ \\\ Vxc^ t\aa5^At) ^tnooi 
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by the action of nitric acid, and it can be rmplo^cd at once 
Tor dyeing. If I tako a Bkein of silk and ^itate it for a tiit.c in 
carbuEOtic aciil, it irill take on tbe djo irithout any previons nivpariv- 
tion, and assumes a beautiful yelloir color. This material has aleo 
been lately employed, ai almost evervthing ta employed, for various 
Mher useful purposoa. It is an excellent aiitlpcnudie, like qutnine, 
only nhen employed it dyes the skin of the patients tcIIow, and they, 
therefore, have a wrt of artificial jaundice. But it has also been 
aui^t^sted for onotber purpose. It may be mixed iritb arsenic and 
olher poisons for the purpose of rendering them more ready of detec- 
tion. It imparts to the arsenic a bitter taste, and it also tum^ the 
person to whom it is administcrctl vellow, and in a case of alow poison- 
ing Ihi3 yellow appearance would be an indication that there was 
Mmethinii wrong. 

Cressylic acid, another of the compounds of crude tarnii], Is not 
Anch employed in tho separate state. 

T, I now pass to tbe neutral hydrocarbon 9. The neutral hydrocar- 
.Aou are alto various. They are called bcnxul, loluol, xylol, cumol, 
cymot, and a great many other names with whiu^h I will not Iroubto 
you. Tlicy are compounds of hydrogen and carbon, an<i possess 
many degrees of volatility. For instance, benzol boils at 177°. This 
is one of the most useful of the subsisnces. It is made from crude 
■uphtha by a simple operation, taking advantage of its low tempera- 
tnre of ebullition. Here is a beniol still. The crude naphtha is 
placed in this atill. It is a double still, into which steam is aent from 
this steam-boiler in order to heat tbe crude naphtha, Tbe lop of tbe 
ttill, you wilt observe, passes through a cistern of water. That cia- 
tern of water is kept at tho boiling point of benzol, 177°, ami tbe 
vapor of tho naphtha passes through the heated vessel, which is 
lusted to 177°. Benzol distils over at 177°; but toluol, eumol.eymol, 
and the others, boil at a much higher temperature. Therefore they 
M« condeniied at that leimierature, and fall back into tho still. The 
KparatiaD is, therefore, effected simply by means of keeping Ihc ben- 
iol at its own boiling temperature, and coolln'; tbe others below 
theirs. It i> a very volatile subslance. It, no doubt, adds much to 
the illumination of our coal gas. 

Now, this body, when acted upon by nitri(' ncid, produces nltro- 
beaxol. I must coll your attention to nilro-benzol a litllo stienliS- 
callr. Benzol has tbe formula C,.IIa — that is, it contains twelve 
— [wvalcnts of carbon, and six of hydrogen. In nitro-bcnzol one of 
) eqairalenls of hydrogen goes out, and one equivalent of oxide 
itragen, NO,, goes in and substitutes it, and then forms nitro- 
*' ~ subslance which by itself poswsses smne peculiar characters. 
. . strongly of bitter almonds, and it is employed now instead of 
almooils, which is poisonous, for making common almond toap. 
common almond soap which wo buy is now perfumed with nitro- 
It is also employed in confectionery as a substitute for bitter 
It is much better for that purpose, because the bitter 
inds contain pruasic aciil, and by the uae of ton large a ([uanlily 
cooks wc may poison our friends. Tliero is no chance of tliot 
-rt P'*"* when nitro-benzol ii used. It is the basis from which wc 
iVM^Mir tar colors, and th^ modu m wVock Vk u iuft&. bx <u»'«st 
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pusc will require a little close attention to a chemical formula; Imt it 
li very interesting. 

If nitro-benzol is acted upon by water and by iron, of which I haTO 
put down the symbols here, — nitro-bonzol -|- water -f- iron = CuH, 
(NO4) -|- 2HO -f- 4Fe, — the iron takes away all the oxygen from the 
water, and the oxygen from the oxide of nitrogen. There are six 
equivalents of oxygen, which the iron* takes to itself and ibrms iron- 
rust with it. The rust remains, and the two of hydrogen of the water 
now joins itself to tho Cull^N, and produces this body here, CuH|N, 
aniliac. Tiiat is to say, the ii\>n takes away the oxygen, and leaves 
<vxldc of iron and aniline as the result. 

Now, this aniline is a most important body. It was first iuTesti- 
gated by Dr. Hoffmann, who has made with regard to it a series of 
the most brilliant researches, out of which have arisen these coal-tar 
colors with which we are now aequsdnted. Aniline is an ammooia. 
It is a body exactly resembling the base ammonia, but it is what 
is termed a compound ammonia. Here is the constitution of ammo- 
nia: — 

(H 

I put down the three atoms of hydrogen separately. Now, if I take 
away one of these atoms of hydrogen, ana substitate it by one of 
something else which plays the part of hydrogen, I form a com- 
pound ammonia. I will do so in this case. 

CC,.H, 

la 

I have replaced one atom of hydrogen with a compound radical 
which chenusts call phenyle, and I obtain what is termed aniline. 
This aniline b, therefore, a compound ammonia in which the radicid 
phenyle replaces one of hydrogen. • 

Now, it IS out of this aniline that we produce mauve, magenta, 
roseine, azuline, bleu do Paris, and the various colors which have 
received arbitrary names. It was known for a long time that the 
products of distillation of coal had a strong tinctorial power. Here, 
tor instance, I have two of them, a body called pyrrole. I have liere 
a piece of pine wood, made for a theatrical purpose, in the shape 
of a dagger. I will now moisten this with muriatic acid, and then 
place it in a deep vessel which contains a few drops of pyrrole. Ton 
Bee that it suddenly gets as it were covered with blood. Now, thb 
tinctorial power has been known, in fact, for a long time, but the 
mode of manufacturing the substance readily and economically was 
not known. Here I have a small quantity of aniline, and I agitate it 
with water ; and now, if I add to that a solution of bleaching powder, 
70U will see the effect it produces. It was long known that this ani- 
ine gave a purple color with bleaching powder. The color comes 
after a little while ; it does not come immediately, but you see. as I 
add it, that the aniline produces a mauve or a purple color ; and this 
woj kaowD for many years, before per^xiA Vla&ni^ bow to miBLke it for 
commercial purposes. This is ixow a c^Ofc ^oa^ va> V3si^ ^^a« *\^»^gb^ 
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person who introduced this, and to whom the greatest credu is due 
for its production, was Mr. Ferkin. Mr. Perkin had seen and admired 
the tinctorial power of aniline, and he had an ambition to render this 
fugitive color permanent, and to introduce it into the arts as a dye, 
and he succeeded admirably. The mode is this : this aniline is a base, 
and unites with sulphuric acid as ammonia does, and it forms sulphate 
of aniline. He takes equivalent quantities of aniline and bichromate 
of potash, and mixes them together, and in a little while, afler stand- 
ing together, they form this very unpromising-looking black powder. 
You see this black powder here; it looks extremely unlike a dye. 
Now, when this color is washed with coal-naphtha, this nasty-looking 
brown resinous substance is dissolved out of it by the coal-naphtha, 
and then there remains a still unpromising substance, but which is 
rather purple in color. When you treat with alcohol this brown 
powder, which has been washed with naphtha and had the resin 
taken out of it, it forms with the spirit a strong solution of mauve. 
This beautiful purple color is obtained in this way, by dissolving out 
of the brown powder the purple color by means of alcohol ; and it is 
this purple color which is used largely in dyeing. It is readily soluble 
in alcohol. 

It is easy to dye with this aniline purple ; in fact, ladies can dye 
with it perfectly themselves. It is only becessary to use for this pur- 
pose hot water — water so hot that you cannot bear it with your 
hand, but not boiling. The best temperature is about one hundred 
and fifty degrees. If you take hot water and add to it a little tar- 
taric acid and a little of aniline purple, and then place the silk or 
woollen in it, it becomes dyed. It is easy to attach the color to ani- 
mal fibre, but not to cotton. I have here the coloring matter, and 
now I will add to it a solution of tartaric acid, which is necessary to 
produce the color. Afler that all I require is to place my silk in this 
solution, and to rinse it for a little time in it, and you see that it 
quickly takes up the color and produces that beautiful mauve which 
is now so iaminarly known. It is, therefore, a substance which is 
extremely easily applied — almost as easily as the carbazotic acid. 

Through the kindness of Mr. Perkin, I am enabled to exhibit to 
you magnificent specimens of his aniline purple, or mauve, in the dry 
state and in solution. This brown lump, with the remarkable cop- 
pery lustre, is mauve in the solid state. Its extraordinary tinctorial 
powers will be appreciated, if I tell you that this beautiful violet-col- 
ored solution contains not more than one-tenth of a grain of mauve 
in a gallon of alcohoL. You will also understand the considciablc 
commerciial value of this substance. Weight ibr weight, this color- 
ing matter, when pure, is sold at the price of metallic platinum. 

Very little is known regarding the chemical nature of mauve ; its 
composition is not yet made out, and as a matter of course the pro- 
cess by which it is formed from aniline remains as yet perfectly unex- 
plained. 

Magenta is one of the fancy names given to the splendid crimjsoii 
which is likewise generated from aniline by the action of oxidizing 
agents. This substance was first observed in purely scientitic re- 
SMurohes, and more especially in the action oC t^trafiVAoTv^^ ^^ ^i^sxX^m 
apcm SDiIhte. To a French chemist, M. Vet^mu, X\i^ xxi^\X.S& ^^ ^ 
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haviug for the first time obtained this substance on a larger scale. 
He produced it by the action of tetrachloride of tin on anihne. Nu- 
merous other processes were subsequently suggested, among which 
treatment of aniline with chlorine, or nitrate of mercury with arsenic 
acid, and many other substances, may be mentioned. Magenta, often 
called fuchsine, roscine, etc., soon became an article of large consump- 
tion. A great impetus to this new branch of industry was given in 
France by Messrs. lienard and Franc, who were the first to manufac- 
ture the new article on a commercial scale, and the production ha^ 
now attained colossal proportions. Before proceeding, however, Icr 
me show you the formation of magenta by experiment. Among 
the many processes which I might adopt for this purpose I select the 
action of corrosive sublimate upon anilme, not because I consider xhln 
process superior to the others, — it is, in fact, inferior to many, — but 
because it is, perhaps, the best adapted for a lecture experiment. This 
white powder is cnloride of mercury (corrosive sublimate) ; a small 
portion of this salt I mix in a test tube with perfectly colorless ani- 
line. Let us stir the mixture with a glass rod until it is converted 
into a perfectly homogeneous liquid paste. This paste is still colorless, 
but on gently heating it by a gas burner it instantaneously assumes 
a splendid crimson of the greatest intensity, a single drop of the 
liquid being capable of deeply coloring a large beaker filled with 
alcohol. 

In all the processes wliich convert aniline into coloring matters, a 
considerable number of secondary products arc generated, which it is 
rather difficult to separate i'rom the principal product of the reaction. 
These difficulties have been most perfectly overcome by Mr. Nichol- 
son, who has succeeded in obtainmg magenta in a state of absolute 
purity. Chemists have thus been enabled to analyze this substance, 
and to lifl, at all events, the corner of the veil which still covers the 
mysterious formation of the colored derivatives of aniline. 

In the pure state, magenta is a fine cr}'stalline, and, remarkably 
enough, perfectly colorless, or only slightly tinted body, which is rep- 
resented Dy the formula, — 

C^HnNaO = C»HwN„ HaO. 

Rosaniline (this is the name by which chemists designate the color- 
less body) is a base, or ammonia derivative, which forms a series of 
splendid salts. It is in the state of saline combination that rosani- 
line acts as a crimson dye. Into this shallow porcelain dish I haye 
thrown a few crystals of rosaniline, which at a distance you scarcely 
perceive. I now pour upon these crystals a small quantity of acetic 
acirJ, when on gently heating the dish the crimson color instantane- 
ously appears. But it is only in solution that even the salts of rosaiw 
iline are crimson colored. On slowly evaporating their solution, the 
rod color entirely vanishes, and a spleuuid green crystalline sub- 
stance remains, presenting in an extraordinary manner the beautiful 
metal lustre which distinguishes the wings of the rose beetle. 

Having now explained the several stages of transition through 

wliich coal has to pass before it either becomes mauve or masenta, it 

may be of some interest to you to know the proportion which the 

£ahbed dye betii*s to the coa\ irom v;Viv;\x \X. 'v& <^iv<i«^ K.«^^ 
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flpccimens, for which I am llkcwLic; indebted to "Mr, Nicholson, is most 
instructive in this respect. Observe, it commences with a large mass 
oi* coal, weighing not loss th.\n one hundred pounds, ; the bottles 
which follow contain the coal-tar oil, naplitha, benzole, nitro-benzol, 
and aniline, obtainable in siic<:t>ssion from one hundred pounds of 
coal. Rf^mark how they gradually diminish in size, and how small, I 
mi*;ht almost say insigniuL'ant, appears the bulk of magenta finally 
obiaincd. But compare the bulk of ^vool whicli tiiis minute quantity 
will dye. It approximati^s to the bu!k of coal with which we started. 
This comparison cvinres perliap.-} suQleifntly llie extraordinary tinc- 
torial power which this class of dye possesses ; but a very simple 
cxpt'rim?nt miy possibly convoy to you this idea even in a more 
impressive manner. The wliire paper which covers tliis large frame 
has been dusted over with a minu:e quantity of mauve ; a second one 
Li treated in a similar manner with magenta. The quantity of color- 
ing matter is so small that the paper has retamed its original 
white color; but observe how it changes when I dash a beaker full 
of spirit against these squares. Inunediately the lovely purple of 
mauve is developed upon one of them, while the other one exhibits 
the dazzling cnnason of magenta. 

As a new art, the manufacture of these colors is of great impor- 
tance. Hitherto England has been dependent upon foreign countries 
for its dyes. We have imported madder from Holland, from Turkey, 
and from France, and blue colors from India, in order to produce our 
calico prints ; but you see now we are likely to reverse this. We 
find in tliis waste product, coal tar, the three primitive colors, out of 
the mixture of which we can produce almost any shade we desdre. 



THE USE OF MOUDANTS. 

In order to remove the mordants used in fixing the colors upon 
printed cottons, the calico-printer formerly made use of a cunous 
process, which was, to pass the cloths through baths in which the 
dung of cow-houses was placed. In this way all the soluble mordants 
were converted by the cow-refuse into insoluble substances, which 
could no longer attach themstdves to the cloth and cause a confusion 
of the colors. In consequence of this operation large dairy establish- 
ments were connected with print-works, so that the printer might 
Iiavu a sufficient quantity of cow-refuse for his purpose. After a 
timis when the action of this substance began to be properly under- 
stood, chemists asked themselves whether some substitute could not 
b r uMsd, so that tliis objectionable process might be dispensed with. 
They soon discovered that the peculiar action of this refuse upon tho 
niunlants was due to the phosphates which it contained to a consid- 
erable extent; and it was then easy to make artificial phosphates, — 
p!iospatc of soda and phosphate of lime, — and these were mixed 
together with glue, and sold for a long time under the name of 
** dang substitute." Within the last few years chemists have found 
t*iat even these plio^phaU-s are not required, and that it is better to 
use arseuiate of schla — aricnic aeid united with soda. You mny 
have some idea of t!ie enormous quantity of this highly poisonous 
salt that ij used, when hi Lancashire alone (ive UmhOlt^^ \a\^ ^^ \!cl>& 
tweuisUe aro annually made for the purpoaea ot \Xi^ <2,^^^^tv&^x%< 
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T!:c use of tills substitute has a great advantage. The material it 
added to the bath, and you may pass several thousand pieces through 
the same bath, by adding a little additional arseniate of soda. Toe 
same bath may thus be used for several thousand pieces withoat being 
changed ; but in the old plan, where cow -dung was used, it was noce:s- 
sary to change the bath after a few pieces hsil been passed tbronsh 
it ; so that the application of these phosphates and arseniates to toe 
purposes of the calico-printer has enormously aided him in diminidiing 
the necessity for labor. — Sir Lyon Platifair's Lecture, 

7" he Action of Mordants in Dyeing, — In a paper on the above 
subject, recently read before the London Chemical Society, by Mr. 
W. Crum, the author opposed the idea that in dyeing, any chem- 
ical union took place between the fabri.; and the dyeing material. He 
regarded the action in some cases as one of adhesion to an extended 
surface ; in others, where the coloring milter (or mordant and coloring 
matter) is in solution, absorption took place. The structure of the 
fibre bears out this view, for on examining cotton under the micro- 
scope it is seen to be composed of llailcned tubes with translucent 
walls, permeable, no doubt, to lUiids. Wlien mordants are used they 
are often deposited within the fibre, and retained there mechanically, 
and afterwards, combining with the dye, serve to ^\ it in the mate- 
rial. What is technically termed dead cotton does not take the d3re, 
for, being immature or im])erfectly formed fibre, it possesses no central 
tube; it occurs in small quaniitios along with ordinary cotton, and 
remains white and unaffectod afier mordanting and dyeing. Mr. 
Crum exhibited numerous specimens of dyed and printed cotton fiU>- 
rics in which threads and bundles of undyod dejid fibres were TCiy 
' well seen. 



MINKUAL OILS. 



The Journal of the Franklin Institite publishes the following table 
of the economy of using petroleum oils as compared with Philadelphia 
gas, spermaceti, parafiine, and adamantine candles : — 



Nome of material 
bamed. 



MateriiO. 
How bnmcd. 



Quantity burned RHatire cont of 
in wine time an | iiialciial burning 
1000 cub. a. ot'ga». . iu equal time. 



Philodcl. Gas, 5. 1 cu. ft. pr. hr. I 



J*ctroleam, 

do. 
Spermaceti, 
Parafflne, 
Adamantine, 



Larg^e lamp. 

Smaller do. 

I 
! Two candles. . 

I do. I 

I 

do. 



1000 cub. ft. 
12 grails. 
1 " 
7} lbs. 
7 *» 
10 •• 



0.73 
0.45 
3.87 
2.2* 
2.25 



Coal tat ra aiffv^ 
age vintcr eres- 
ing of flTtt hoon. 



5|eeiits. 
IJ «« 
l.W •« 
OJ " 
6.7 *• 
6J «• 



Nnphthometer^ or Benzine Detector. — This new instrument, the 
invention of Messrs. II. J. SmitU and W. Jones, of Philadelphia, con- 
sists of a reservoir with a tigVil\y-C\l\Ai\v» co\^^T,^talfii >^<i \.^^ ^^^\^^ 
projects a tube, surrounding sv wick toXiIe. K \}W5TiMsoMiX«t ^^^aA^iwiiiA 
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through the cover, and occupies such a position that its bulb comes 
within a short distance from the bottom. of the reser\Dir. In order 
to determine the temperature at which the oil gi\-e3 off suificicnt 
vapor to cause an explosion, the oil to be tested is poured into the 
reservoir, the wick is lighted, and the instrument placed on a stove 
or over the ilame of a lamp. At a temperature whijh varies in pro- 
portion to the quantity of explosive ingrtdients contained in the oil, 
the vapor is given oil*, and, mixing with the air in the reservoir, 
passes up through the space between the wiek tube and the larger 
tabe^ and explodes when ignited by the flame, thereby extinguishing 
die light. The height of the meroury in the thermometer will deter- 
mine the quaUty of the oil. 

The contrivance is very simple and cheap, and enables any one to 
ascertain in a few minutes whether an oil Is of a quality to be burned 
widi safety. 

Explosiveness of Mineral Oils. — From investigations into this sub- 
ject recently made in England, it appears that no danger can arise 
from the use of petroleum or coal-oil if it bo projjerly refined. To aseer- 
tain whether this necessary process has been efle/tively performed, it 
is only necessary to place the oil in an open disli in a water-bath, and 
heat it to a temperature of one hundred and lliirty (I(»grees. If when 
devated to this heat it does not ignite by the applicatiun of a match, 
it is safe ; but any oil igniting at a temperature below one hundred 
and thirty degrees is dangerous, and should not bo used for domestic 
purposes. 

English Legislation ref^pecling Mineral Oils. — By an act passed by 
the British Parliament, in 18G2, it is provided that " not more than 
forty gallons of petroleum, which, by the first section of the said act, 
it is declared shall include any product thereof that gives off an in- 
flammable vapor at a temperature of less than one hundred degrees 
of Fahrenheit's thermometer, shall be kept witliin fifty yards of a 
dwelling-house, or of a buildmg in which goods are stored, except in 
pursuance of a license given by the local authority ; and any petro- 
kum kept in contravention of that section will be liable to forfeiture." 

Petroleum Trade. — The ra])id and extended use of American 
petroleum has no parallel in the history of manufactures or commerce. 
It was in August, 1859, that petroleum was firi^t obtained in very con- 
siderable quantity in the valley of " Oil Creek," Pennsylvania; and 
since then the obtaining of the oil from the wells, the refining of it; 
and its transportation to markets, have continued to ibrm a new and 
immense busmess. In the first nine months of 18G1, the exports of 
American petroleum amounted to 3G8,940 gallons ; while in the first 
nine months of 1862 the exports amounted to 0,294,819 gallons — an 
increase of 5,925,879 gallons. A circular n eently issued by a lead- 
ing oil-broker of Liverpool says: — " The oil exported from America 
and Canada in 18G2 (the first year of its European introduction) ex- 
ceeded in value £1,000,000. Yet one tithe of its dissemination is 
not effected; Britain has manipulated pretty freely, so have France 
and the Grcnnan States, but so elamoroui are they for more that the 
export extension cannot bo made siiflieiently general. Spain, Portu- 
g^ Ital", and Bussia, have yet to receive it in lVi<i QTu(i^ ^orox!^ 
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WATER AS FUEL. 

M. Moigno, the editor of the Faria Cosmos^ describes the fbUowing 
application ot' steam, £s having been witnessed by himself in a work- 
shop in Paris. lie says : — 

It has long been kpoim that when oxygen and hydrogen gasei 
nnice and form steam, as they do by their union, a most intense heat 
is produced. In this case, in fact, wc have the oxyhydrogen blow- 
pipe, which, though very small, is yet a furnace of most intense heat 
It is now found that by exposing steam in its turn to a rery high tem- 
perature, the atom of oxygen and the atom of hydrogen, of both of 
which, in union with each other, an at(»n of steam consists, tend to 
separate a^ain, and in fact may be actually separated merely by pre- 
senting to the veiy hot steam some substance with which one of the ele- 
ments of the steam cither the oxygen or the hydrogen, tends to unite, 
rather than the other. But no sooner are the oxygen and hydrogen 
separate than they tend to rush together again, producing in the act 
of union the heat of the oxyhydrogen blowpipe. In order to obtain 
this wonderful power of heat, all that is necessar}', as now appean, 
is to raise steam to a very high temperature, and then to let it loose, 
when very hot, upon some body which tends to unite with one of iti 
elements, — its oxygen, for instance, — as is the case widi commoil 
fuel. The hot steam immediately sets the fuel on fire. The heat 
that is produced is most intense, and there is reason to hope that the 
combustion may be so regulated that all the oxygen of the steam may 
reunite again with all the hydrogen of the steam, so that the whole 
result of the combustion shall be merely that the fuel is transformed 
by the intense heat into aeriform matter. And thus a furnace maybe 
so arranged that while its heat is employed as usual in generating 
steam in a boiler for a steam engine, all the smoke shall be gas fit f(ff 
illuminating purposes, and ready for being transferred into the gas- 
ometer. M. Moigno mentions that in the apparatus which he saw 
a jet of hot steam from a tube* which was only one millimetre (about 
one twenty-fifth of an inch) in diameter, when made to plav upon a 
mass of charcoal in a furnace, lighted it up into a most vivid fire. 
And when to the charco:il there were added a few handfuls of the 
Boghead mineral, which yielded bicarbonate of hydrogen instead of 
simple hydrogen, the light was dazzling, and the flame arose so as to 
sometimes reach the roof of the workshop. The only point that if 
staggering is the immense heat which is required to be imparted to the 
superheated steam. Thus, for the full efiect 1,000° Cent is named; 
that is, 1,832° Fab. ; that is a heat at which silver and almost copper 
melts. And this is said to bo produ«.'ed by having the steam beater 
immersed in a bath of melted tin. 

The Revue Universelle cf Paris, of a later date, has also the follow- 
ing article respecting the use of v/atcr in facilitating certain processes 
of combustion. It says: *' The vapor of water has already been util- 
ized in metallurgy as an a^ciit of oxidation in the roasting of cer- 
tain minerals, particularly to facilitate the separation of the com- 
pounds of antimony and arsenic in metallic sulphurets. For several 
years attempts have been made to employ the calorific power of 
the hydrogen contained iu water, anOl \\. \a vVift ^^>xxi^ \YCL<i of mventioo 
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tbat Messrs. Maure and Yallcr have son^bt to utilize as a combustible 
in industrial furnaces, and particular!^' iu metallur<;ic operations. 
Water, fed in a regulated ana intermittent manner ipto a hot fire, is 
decomposed into oxygen and hydrogen. The combustion of the latter 
in presenco of the atmospheric air ^the oxygen of the water beinsr 
employed in burning the carbon) produces a considerable heat in addi- 
tion to that of the principal combustible. There results, then, a con- 
nderable augmentation of caloric without any addition of combus- 
tible, and consequently a more rapid fusion of metals and minerals, 
and an economy of fuel which the authors of the process state varies 
from forty to fifly per cent. Experiments iind calculations havo 
demonstrated that the heat absorbed by the decomposition of water is 
lea than that furnished by the combustion of the gaseous products of 
the water decomposed. 

CURIOUS OBSEBVATIONS ON FERMENTATION. 

^e Camples Rendus has recently published a resume of M. Pas- 
temr^s researches on fermentation, from which wo derive the following 

M. Pasteur began his investigations by experimenting on the vege- 
table oi^anism known as the mt/coderma vinij or the ** mother of wine," 
Canting this plant to develop in various alcoholic liquids in contact 
with air, ho never obtained acetic acid ; and if he introduced a small 
portion of that acid, it usually disappeared. When the mycotierma 
aeetij or vinegar-plant, was ^^own in alcoholic licjuids, acetic acid 
was always formed, with the intermediate production of small auan- 
tities of aldchyd.^ In both cases the chemical ])henomena and the 
life of the plants were clearly correlative. When the experiments 
wero performed in close vessels, containing besides the liquid a known 
quantity of air, it was ascertained that the vinegar-plant took oxyi^n 
mm tlie air, and therewith converted the alcohol into acetic acid ; 
and that the mvcoderm of wine took oxygen fmm the air, and con- 
Teited the alcohol into water and carbonic acid. It was likewise 
ascertained that if the alcohol was removed, and the ^-inegar-plant 
grown in an acetic liquid, the acid was transformed into water and 
carbonic acid. With the mvcoderm of wine the effect was the same, 
especially if there was a little alcohol in the liquid. From these facts 
IdU Pastenr concludes that the wine and vinegar-plants behave in the 
nme manner, and that there are circumstances in which their action 
b exalted ; that is to say, that the plant, instead of taking from the 
air two or four molecules of oxygen to combine with one molecule of 
alcohol, and thns produce aldehyd or acetic acid, takes eight or twelve 
mole<tdes of oxyjgen, and by their aid completely transforms the alco- 
hol and the acetic acid into water and carboniit acid. The vinegar- 
plant does not produce acetiQcation when it is submerged. This was 
ascertiuncd by noting the degi*ec of acidity of a liquid in which a 
growing plant floated. The plant was made to sink by glass rods, 
and the acctification was arrested. Following his investigations, M. 

■ **T1ie slrohoU mny all Ik* rc^anlo;! a% compoiiiid oxUIon of liydrotren, nnd of a 
l^emllMT bytlrornrbon. . . . The nl.'oh«>\B,by \mvQvTvcX o'SL\<\«\\<i^i\^tvvrB^9B^ 
itide^^ifdtf mad thcwo bodlcn. by f li- fiirtiior ub«oi v\\ ai ot v>k^ ^eo^^^WX -c^Ni^^?^ 
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Pasteur arriycs at the conviction that the well-knovm process of Dum- 
iifacturin<; vinegar bj allowing a suitable liquid to trickle over wood 
twigs or shavings, is not, as was supposed, a purely cbenucal process, 
but dependent upon the formation of a pellicle of the vioegar-plant. 
The important paper from which we have condensed these observa- 
tions concludes m these words: ^^If the mycoderms possessed solely 
the property of acting as agents for the combustion of alcohol ana 
acetic acid, their performance would be well worth attention ; but I 
recognize in their functions a generality of action which opens afield 
for new researches in physiology and organic chemistry. In (act, the 
mycoderms are able to bring about the combustion of a great nawr 
ber of organic substances, such as sugars, organic acids, yarious alco- 
hols, and albuminoid matters, giving rise in some cases to intermedi- 
ate compounds, of which I have recognized a few. I may add that 
the property which we are discussing exists in various decrees among 
the mueidines, and I believe also among the smallest of the infusoriiL 
I have observed that by the development of a mueidine it is possible 
to transform into carbonic acid and water considerable qoan titles of 
sugar, so that scarcely any of that substance shall be left in s ol ut km. 
If microscopic beings disappeared from our globe, its surfiMre would 
be encumbered with dead or^ianic matter anu carcasses of all kinds, 
animal and vegetable. It is they who chiefly jgive to ozy^n its 
combustion-producinj^ qualities. Without them life would be impos- 
sible, for the work oi death would be incomplete. After death, life 
reappears under another form, and with new properties. The germs, 
everywhere disseminated, of microscopic beings, commence their 
evolutions, and by their aid oxygen is combined in enormous masses 
with the organic substances, and their combustion gradoally ren- 
dered complete. If I maj" be permitted to characterize briefly 
another point of view iu which we have been conducted, I wonld say 
that we obsL'uro the existence of oi^anized cellules endowed with a 
property of completely burning organic masses with considerable 
evolution of heat, or of carr}'ing their oxidation to a variable extent 
This is a faithful image of the respiration and combustion |rhich take 
place in the pulmonary cells through the circulation of the blood, 
whose globules seek oxygen from the air, in order that they may boim 
in yarious degrees the different principles of the human economy.^ 

TUB ORIGIN OF UOXEY. 

The following is an abstract of a paper on the above subieci re- 
cently read before the Bristol (England) Microscopical Society, by 
W. W. Stoddard : — Although honey is a iamiliar body it is curious 
to note how little mention is made in any chemical or botanical ^ork 
of the changes that take place in its elimination, of its origin, or 
even of its composition. Most chemical authorities simply state that 
the solid cr^rslailine portion of honey is grdpe-sugar, but say nothing 
of the liquid. Johnson, in his ChemU'.rjf of Common Lifey says 
*• Honey is formed or deposited naturally i?i tlio nectaries of flowers, 
and is extracted thervfrom by the Iwi's. When allowed to stand for 
some time, it separates into a white, soliri su^^ar, consisting of white 
crystals, and a thick, aemiduid &^tu^. 'V^ovXx \>^ %fiXvi «m1 Ux(^ 
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&ngan haoe the same general proptr:h'.<. The ^i\\i\ fwrar of boncy is 
id^Dtical with the sugar of the grr.pc.*' Siit li is the drift uf tlie 
whole infbnuatioD that can bo gathered rospocting the eonipa<ition 
of hooey. 

On dissecting the honey-bee, we find the proboscis continued into a 
beautifal ligula or tongue. It is a flexiU; organ, covered with circlets 
of very minute hairs. The ligula of the honey-bee ditVers I'rom that 
of the other diTittions of the bee family (the Andrsenida?) both in 
.shape and microscopic appearance. It is probable that the bee uses 
the liguhi by inserting it in the nectar, which would l>c plentifully 
collected by means of the- hail's Ix'fore mentioned. These hairs ver}' 
likely answer a somewhat shnilar puri)ose to the teeth of the nioUus- 
can tongue. At the basi* of the proboscis commences the oesophagus, 
which, afler passin^i^ through the thorax, tenuinates in an expanded 
sac, termed the honey-bag. This is an elastic glandular organ, 
placed before the entrance to the true stomach. Into this sac the 
saccharine fluid enters afler being swallowed. Should, however, any 
more solid substance be pre.^ent, it is forwanled into the true stomach 
for trituration by the numerous teeth with which it is furnished. The 
honey-gland also secretes a peculiar acid to be mentioned presently. 
The oeo retains the fluid ]K)rtion in the honey-sac till the proper time 
•hould arrive for deposition in the cell of the honeycomb. 

At the base of the corolla of a flower, on the thalamus, is a part 
termed by botanists ** the disc." It is that iM)rtion which intervenes 
between the stamens and the pistil. It is cuuiix)sed of bodies usually 
in the shape of scales or glands. When examined at the proper 
•eason, they arc seen to abound in a thick, sweet fluid, which, since 
the days of Aristotle and Virgi4, has rejoiced in the name of *' nec- 
tar.* Or this account the ])ai*t yielding it riMuived ibrmerly the name 
of "nectary." Even in the pri»sent day Ihosc^ organs are the subject 
of mnch misapprehension. iJnnseus and his fullowers gave the term 
nectary to any gland or organ for whose of lice they could not other- 
wise account. The plants which furnish the greatest quantity of 
nectar, and arc therefore most liki^l by the bees, generally excrete it 
from the disc of the flower. On many plants, however, cts the ranun- 
cnlns and fritillaria, a small glan<lular organ occurs at the base of 
each petal, and in which also nectar is enclosed, though not in such 
profusion as in the disc^ belbi-e alluded to. 

Ab will presently be shown, the nectar is a simple solution of cane- 
mgar formed from the amylaceous sap of the flower, and elaborated 
for the nutrition of* stamens and pistil. What the K'es fmd in the 
flowers is the surplus letl when these organs have been supplied. 
The author examined every flower he could collect at the early 
season of the year (April and ^Liy), and found su^ar in them all, 
whether furnished with discs, or nectariferous glanus, or not ; and 
came to the conclusion that .sugar is necessary to the male reproduc- 
tive oi^ns of the flower, as it is in them chiefly to be found, the i;o- 
called nectariferous body merely sening the ]>urpose of a n>servoir. 

The plants which in England are mo^t attractive to bees are, — 
migncmette, currant, hazel, wallflower, hollyluK'k, ras])beiTy, broom, 
ronemar^', lime, buckwheat, clover, willow, gooseberry., lemon th^me, 
beathf tundp, oder. 
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On cxaroinhis an immature blossom of a wallflower, the 
will be found filled with an amyluc-cous fluid which ^vcs a distinct 
blue with iodine'. Aflor the; lapse of from twenty-four to ibrty-eiglit 
hours, the flower havin"^ become much more expanded and the 
stamens more mature, the fluid on being agcun tested will haye a 
sweet taste, and give a dirty bluish-brown instead of a bine with 
io^line. On cutting out the discs of several ripe specimens of wall- 
flower, the author obtained a syru])y, clear, colorless, fluid. This was 
mixed with a small (quantity of distilled water, treated with lime and 
carbonic acid in the usual way, and filtered. The filtrate was then 
concenti'ated, and allowed to crystallize spontaneously on a glass 
slip. The result was a beautifiil regular crop of cr)*8tals of cane- 
sugar. 

As the flower became more mature, the saccharine fluid was acted 
upon by the vegetable acids more and more, until at length, when the 
ovary being fertilized, and the flower dead, a last examination showed 
the saccharine residue on the withered disc to be nearly all grape- 
su^ar, almost incapable of being fairly crystallized. 

The bee, visiting the flowers when in their prime, inserts its lignla 
into the blossom, and lajis up the greater portion of the liquid sugar, 
which, afler passing through the ocsophagu3, is deposited in the honey- 
sac. It hero comes in contact with the sci-reting glands, which emit 
an acid which the author's experiments showed to be identical with 
formic acid. This it is which doubtless causes the peculiar tinglinff 
sensation at the back of the thi-oat when much honey has been swan 
lowed, and which is more piTceptible to some thin others. The bee 
afler its arrival at the hive empties the contents of the honey-sac 
into the comb, where it remains until the store of honey is taken. 
When separated from the comb, the purest honey is a clear, thick 
liquid, which afler standing becomes thicker, till at length it " sets," 
as it is technically called. A small bit of this, placed under a qoarter 
of an inch objective, shows that this is owing to the grape-sugar 
(which has gradually been forming at the expense of the cane) crys- 
tallizing out in extremelv thin, regular, six-sided prisms. AU the 
cane-sugar is retained in tlie h<}uid portion of the honey. This crys- 
tallization proceeds as the whole of the cane-sugar becomes conycrted 
into grape. When this take^ place, so great is the proportion of cr}'»- 
tals that the honey is said to '* candy," and is not considered so good 
from the presence of acetic acid, which is produced bv the grap^ 
sugar, which in its turn undergoes a change through the agency oi 
fermentation. The honey crystals arc not identical with those of 
cane-sugar. 

On more closely examining a slide containing a bit of old honey, 
besides the prisms will be seen small bundles of cr^-stals. These are 
manna-sugar. They remain after honey has been fermented, and 
may thus be separated. With these, small round or oval bodies will 
also be noticed spread over the fiehl of the microscope, and are the 
pollen globules, showing in a beautiful manner from what flower the 
honey was collected. Of courae they vary with every locality ; but 
it is worthy of remark that a bee will only visit the saiuo species of 
dowvr at the same journey ; for t.\\^ \^:!Laxfi^\i^\I^QkXL ^ ^ ^jc^^at munber 
of becB will siiow thai two lands o£ v^iKk;^ *x^ t«s^« %i«iA. ^^^ ^^bi^ 
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iMect, ahlioiifffa they ma^ be yery different on anodier working 
on tlie same flowerbed. A single bee, with all its industry, energy, 
and immmerable ionme^s it has to perform, will not collect more than 
n to»^poonful of honey in a single season, and yet the total weight of 
boney taken frcan a single hive is often from sixty to one hundred 
pounds. A very profit«>le lesson of what great results may arise 
UQOk perscTering and associated labsr 1 

The evidence on which the author relied for the presence of formic 
acid was by distilling the honey and receiving the distillate in an 
alka&ne solution. The resulting solution, aflcr decomposition by an 
add and evaporation, afforded all the usual reactions, and readily 
ndnced the salts of silver. 

The fiveeoing facts, therefore, clearly show that — 
^ First nxmey is derived simply from a solution of cane-sugar iden- 
tioal in every respect with that from the sugar-cane. 

Saooodly. That it ailerwards receives the addition of a small 
qvantity of fonnic acid from the fflands of the bee. 

Thirdly. That cane-sugar afterwards becomes gradually altered 
iBfeD grape-flo^ by chemical decomposition. The &vor of honey is, 
of eoime, quite accidental, and dependent on the aroma of the flowen 
the bees have visited. 

KEW METHOD OF PREPARING OZONE. 

^ Botteer has given a method of obtaining ozone ( — O) in compara- 
tiTeljlaige quantities and with great facility. He recommends a 
miztare of two parts pure, dry, finely-pulvcrizcd hypermanganate of 
potash in a fliask, with three of pure sulphuric acid, of density 1.85, 
so that the liquid is opaque, and of a deep olive-green color. The 
ausctare slowly evolves ozone at the ordinary temperatures. He finds 
the gas thus obtained one of the most powerful oxidizing agents yet 
known. Ether, alcohol and the ethereal oils burst into flame when 
brou^t into contact with a mere trace, and flowers of sulphur are 
instantly converted into sulphuric acid, the action being attended by 
an expktdve ncnse. — Journal JUr Prakt. Chem. 

jlFfuoations of aluminum for chemical purposes. 

The lighter weights used for chemical purposes are now advantage- 
eady made of aluminum wire and foil, since, occupying something 
fike leren times the space of those of platinum, they are more easily 
•d|iisted and handled, and less likely to be lost. The finest aluminum 
wire, from its insignificant weight, advantageously serves also to sus- 
pend, from the beam of the balance, objects the specific gravity of 
wUdi it is desirable to ascertain. 

THE DESULPHURIZATION OF IRON IN PUDDLING. 

The inferior quality of bar iron obtained from the ])uddling of pig 
iron ledoced from iron ores rich in sulphur, or even from ccxkI ores 
when reduced with coal containing much pyrites, is well known to 
rtcn, and many methods have boon devised for the desul^^ihor- 
€f ttk iioQ in the puddling prooMk 1ML '^ ?dMM»%^ 
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Locbon, Aiulria. calling to minU the powerrul osidiiin^ 
of liLh.tr^ (oxide of lead), and its use to promoU! oxidation is 
netalliir^ii^jtl proi.'c«(», has cxpcrimi^ntally prorud Ihat litharge will 
not only remove sulpliar in the puddling process, but, irtutt is eqoollj 
iloportant, it also oxidises the phospborua conlaiDcd in the iiT~ 
tbu< ftlFording a most simple means of correcting two tonro 
greatest annoyance to the ironmaster. 

FBETENTION OF VTIIITINC FBOU BEIMQ EFFACEDl 

M. Scnnefelder has published a curious process for rend _, 
writing ineSoec-able for purposes of fraud. It coniiBts in di{^nBg llM 
paper on whicb a bill or check ia to be written for a few twa **** 
into a Bolution of gallic acid. When the paper is dry, it is fit t< 
used for writing on with c-omnutn int. SuppiosG any penmn wi 
with criminal intent, to endeavor to clTace a word from the di . _^ 
mcnts, he would either have recourse to the chloride of potuh OT Ifei 
oxalate of potash Ibr the purpose, nud would find, to his dismay, tu 
these substances produce a black ring or border round th« cl 
which it is imposeiblc to efface without destroying the paper. 

POTASH FBOM TUE ANIUAI, EIKIiDOJI. 

The supply of potash has hitherto been scJely deiived from Ij 
vegetable kingdom. Recently, however, M. Slaumen<^, a Fren 
chemial, has obtained it in considerable amount from aninai 
When sheep's wool is submitted to the action of cold soft wMer, 
kind of greasy soap dissolves; this is a combination of eertwn Ml 
and cnly acids with the alkali potash. It is found that, by l>««th 
this soap toredncfs,a very pure carbonate of potash is obtaiited. 
process is so productive tliat it Li worked as a commercial specn _. 
M Ithcims, and samples of the various potash aaiu were shown in 
London Exhibition for 1662. 

PARKESTNK. 

This name has been givon by a Mr. Parket. of EnsUnd, to 
material formed of colltKiion and castor oil, mixed with ''"" 
proportions of coloring agents, resins, gums and earthy 
according as it is desired to form plastic, itcxible or hard i 
to be usmi for Ihe manufacture of medallions, combs, knife-lutDdU 



incicipated that the new material will supersede 
rubber in many of its applications. 

MAGKETO-ELECTBICITT lOR THE REilNlSG OF lEOX AKI> 



Mr. A. L. Fleury. of Fliiladelphio, who has continued his expc 

mcDts (iec Annual Sci. Di«.. IHiij. jip. 103-<i) of applying electnc 

Ibr the relining of iron and steel, oomtounicates to tho cdilor t 

following restinie'al new risulla: — 

" Kxpcnmenting with one of Itak>:T's ta,rc<»t aha ma^eto-alei 

"■^'-"1 (ao arnoged m to pv« k.\K^u %&& i^ — " 
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intfiuitT dnreiit^ on cast iron, while about to consolidate in the 
moald, 1 found tnat the motal thus treated harl acnuired a much 
closer grain, lighter color, and had become exceedingly strong when 
compared with iron that had been poured at the same time into a 
Bmilar moold and from the same mass. The same effect I also pro- 
duced on steel, when, immediately after casting and previous to its 
consolidation, an interrupted and rapidly-reversed intensity current 
of electricitv was passed through the same. 

** The yiolent pulsations of intensitive electricity, the rapid changes 
of polarity, prevented the growth of larger crystals ; thoy contracted, 
•nd in some respect changed the molecular structure of the metal. 

"Another valuable feature attended the appriL-ation to steel, name- 
ly, that after breaking the bar of steel no honey-combs, as the air- 
cavities that usually appear in cast steel arc called, could be detected. 
For laree castings, for instance of ordnance, steam cylinders, etc., 
Ilia application of electricity may become of great importance ; the 
we ot the magneto-electric machine, moreover, requiring nothing 
bat the adjostment of a belt, reduces the expense for the electric 
toKOe to a very snudl figure." 

OZONE PRODUCED BY PLAIH'S. 

M. Kosman has communicated to the French Academy a series 
of observations, from which he draws the following conclusions : «- 
1. Plants evolve ozonized oxygen from their leaves and green parts, 
i. They disengage, during the day, ozonized oxygen in a greater 
ponderable quantity than exists in the circumambient air. 3. Dur^ 
mg the night the difference between the ozone produced in the planta 
and that contained in the air becomes nil in the case of isolated vege* 
tation, bat where the plants grow thickly and vigorously this ozone ia 
more abandant than tnat of the air. 4. Plants in the country evolve 
more osone daring the day than town plants. 5. From tms cause 
coontrjair is more exhilarating than town air. 6. In the midst of 
toiwns, and ci a dense population, the night air exhibits more ozone 
than that of the day, ont in proportion as the animal population 
<yininUliA«, and the vegetable kingdom predominates, the diurnal 
oflpone increases until it exceeds that of the night 7. The interior of 
the ooTDllas of plsmts do not evolve ozone. 8. Inhabited roomi da 
not nsoally contain ozonized oxygen. 
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LITE CBAXGES OX THE GIX>BE. 

It liM generallr been aaramed br jzeolosists that, thran^ tin 
nularitj of fossfl remains exi5(ing in aaaio<!Oiis ionnatioiis in ififlei^ 
tDl ooantries, we were pat in potsse?son ot the means ot* establithing 
a comparadre chrooolo^ onivenallT applit'able in our mandane 
woricL The age, Ibr example. — giving* geological btitnde to the 
word, — of Silurian slaters and sandstones, coju measures, or chalk, 
was sopposed to be the same all orer the globe. If the characteristic 
Ibasib were foond. they were presumed to decide the epoch to which 
the strata belongei. and few geologists, eren in the recesses of thdr 
own minds, Tentnrcd to question the dogmas of a scientifi.* ortliodosj 
which were not without conTenitroce in appli^^ation. and which were 
widelj receired. In a lecent itMnmani'v^adon to the London Geologi- 
cal SocietT. Prof. Huxley assails the grounds of this belief, and entcn 
into an inqnirj as to the nature of the eTid*rnce on which aasnmp- 
tioiis in geology, generally cocsiJered as fundamental, arc based. 
The first of these aA«umptions i*. that the coomiencement of [that 
part of] the geological record [which has liiiherto been deciphered] 
n coeral with tfaie commencement of life on the globe; and the 
leoond, that geological contemporaneity is the same thing as cfarcHM^ 
logical synchrony. AVithout the first of these assumptions, says ProC 
H., there would of course be no groond for any statement respecting 
the coomiencement of life : and. without the second, all statements 
implying a knowledge of tbe state of diflerent parts of the earth, aft 
ooe and the same time^ will be no less devoid of dc-monstration. 

The first assompiion obriously res4s entirely on motive erideDoe. 
Hus is, of coorae, the only eTiJcncc that ever can be available to 
prove tbe coounencemont of any s«. ries of phenomena ; but. at the 
same time, it must be recoruvied that the value of negative evidence 
depends entirely on the amount of pot«itiTe corroboration it receives. 
If -A. B wishes to prove an alibi, it is of no esc lor him to get a 
thousand witnesses simply to swear that they did not see him in soch 
and soch a place, unleis the witnesses are' prepared to prove that 
they most have seen him had he been there- But the evidence that 
animal life coomienced with the Lingnla-fiags. e. g^ would seem to be 
exactly of this nnsatisfactory. uncorroborated sort. The Cambrian 
witncstts simply swear they -haven't set-n any tody their way;" 
upon which the counsel for the other ade inmiodiiately puts in ten or 
tmelre tiwnnnd feet oC DevoBAaik lai^^ttww* \a xDaki^ <ai^ ^^ec 
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nerer nw a fish or a mollusc, though all the world knows there were 
plenty in their time. 

Having thus defined the nature of his inquiry, Prof. Iluxley shows 
that when the lias of England and thit of Germany, or the cretaceous 
rocks of Britain or of India, are said to be '' conUmporaneous,'' the 
word is most loosely employed, and that no evidence exists by which 
synchronism of formation can bo demonstrated in either case. Tak- 
ing for an illustration the computation of the late Daniel Sharpe 
that thirty or forty per cent, of the known Silurian inollusoa are 
common to both sides of the Atlantic, and by way of allowance for 
undiscovered specimens assuming that sixty per cent, are common to 
tho North American and British bilurians, he avers that if contem- 
poraneity or synchronism were assumed upon such evidence, we 
should fall into serious mistakes : — 

^* Now suppose that a million or two years hence, when Britain has 
made another dip beneath the sea and has come up a^ain, some 
ffBologist applies this doctrine, in comparing the strata laid bare by 
ue upheaviu of the bottom, say of St. George's Channel, with what 
may then remain of the Suffolk Crag. Ueasoninf; in the same way, 
be will at once decide the Suifolk Cra^ and the St. Georp:e'3 Channel 
beds to be contemporaneous, althou^ we happen to know that a 
Tast period (even in the geological sense) of time, and physical 
chanjros of almost unprecedented extent, separate the two. 

'* But if it be a demonstrable fact that strata containing more than 
Sixty or seventy per cent, of species of Mollusca in common, and 
eomparatively close together, may yet be separated by an amount of 
geological time sufficient to allow of some of the greatest physical 
changes the world has seen, what becomes of that sort of contem- 
poraneity, the sole evidence of which is a similarity of facies, or the 
identity of half a dozen species, or of a good many genera V 

^And yet there is no better evidence for the contemporaneity 
assmned by all who adopt the hypotheses of universal faunie and 
florsB, of a universally uniform climate, and of a sensible cooling of 
the globe during geological time." 

Looking fairly at the evidence before us, we can only come to the 
conclusion that " a Devonian fauna and flora in the British Islands 
may have been contemporaneous with Silurian life in North America, 
and with a carboniferous fauna and ilora in Africa." What was 
the case we have as yet no means of knowing, and while £:rounds of 
decision arc wanting judgment should hold suspense, if we may 
compare the successive changes in various parts of the globe to the 
movements of a clock, we must not assume the starting-point of any 
series of operations to have been identical. Each country, so to 
speak, may have had its own clock, — all the clocks going u|)on '.ho 
same principle, and to a lar^c extent with the same order m their 
motions, but the dawn marked by one may correspond in actual time 
with the noon or the eveuin;; of anotlu>r place. 

The extreme value so often assigned to negative evidence has 
materially assisted spasmodic theories. It has led to the unproved 
and improbable assumption that our very limited search for tho 
remains of older ptMioiU enables us to dedOL^i ^>i\>MaT\V.^\A\A^ \5qa 
pnadmate periods at which fijih, rcptiYea) or ta amTi\A% ^%\^ >s^s^ 

2f 
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doced, and it has also induced many authorities to affirm in the moBt 
positive manner that the organized beings of two epochs haTe been 
totally distinct. As an instance of this common phraseology we may 
cite a recent declaration that in Australia, as in Europe, ^^the 




violence of expression may be justified ; but let us call to mind Sir 
C. Lvell*s remarks in 1851,^ in reference to the dred^ng operations 
of Messrs. Forbes and Mac Andrew between the Isle of Portland 
and the Land's End. During one hundred and forty dred^nj^ at 
Tarious distances from the shore, they obtained a large quantity of 
marine invertebrates, but very few traces of vertebrate lile ; none of 
them referable to terrestrial animals. ** If," says Sir Charles, 
^ reliance could be placed on negative evidence, wo might deduce 
firom such facts that no cetacea existed in the sea, and no reptiles, 
birds, or quadrupeds on the neighboring land." 

In comparing the fauna and (lora of the two periods, or of two 
contemporaneous countries, the amount of agreement or diflTerence 
which an observer will trace must depend ver}' much upon the 
method he employs. If he is a profound believer in certain systems 
of classification, he may affirm objects to be totally distinct, or new 
creations, and so forth, while they are closely allied ; and if we con- 
nder the pernicious infiucnce of spasmodic theories in blinding the 
mind even to obvious facts, it is consolinj^ to find so great an aathoritr 
as Prof. Iluxley confirming opinions which are in conformity witn 
the most probable deductions from general science. He tells us thai 
if we leave negative differences out of consideration, and regard the 
fossil world in the broad spirit suggested by comparative anatomy, 
wo shall be struck with ** the smallncss of tlie total change.** Oat of 
'* two hundred known orders of plants, not one is certainly known to 
exist exclusively in a fossil state. The whole lapse of geological timie 
has as yet not yielded a single new ordinal type of vegetable stroe- 
ture." In the animal world the change has been greater ; bnt still 
** no fossil animal is so distinct from those now living as to require to 
bo arranged even in a separate class from those which contain exist- 
ing forms. It is only when we come to the orders, which may be 
roughly estimated at about a hundred and thirty, that wc meet with 
fossil animals so distinct from those now living as to rconire orders 
for themselves; and these do not amount, on the most liberal esti- 
mate, to more than about ten per cent, of the whole." 

Our limited space prevents further extracts Irom Prof. Huxleyli 
paper, but the notice above given will show the nature of the views 
taken by him, and call attention to their importance. 

RELATIONS OF DEATH TO LIFE IX NATUttE. 

All life is a system of progressive change in cycles, — the germ 
first, then the embryo, the young, the adult, and, last, the seed or 
germ again, to continue the rounds ; the adult sooner or later disap- 
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ig ftvm the field of pr(^;r«se, and then from the sphere of exiM> 
cuLt, Death is implied io tlie very im^eption of the w^hemu. 

3. Di^ath is also in i^vcry step oV the pro'esa of life. For the Lv- 
ing being is throwing off elll'te matter durini all iu growib. The 
chaogu \a constant, so that with each year a large part of the mat^ 
rial in our bodica faa« paMc^ away and buco replai'ed by new. More- 
over, the fcrce which bad boen expended in making a eell or porticla 
of tinue goes to form a new cell or particle when the Ibrmcr die«, 
and wag needed lor the new formation going on. Force Is not lost of 
wasted, but used n^ain. There is uaceaaug lion, and in this flow ii 
life; its cessation is death. 

3. l^e kingilom of jiiants was instituted to turn mineral matter 
into organic, that the higher kingdom of animals might thereby have 
the means of susIcnaDce ; for no animal cnu live on mineral matter. 
Kow this living of animals on plants implies the death of plants. 

Anain, the roi:ks of the glotc are, to a great extent, tnade of tha 
Tcmains of dead animals. 

4. The chemiatry of life, also, required death. Life in the plant 
or animal, if sustained by means ol nutriment, and eontinued eon> 
Burning, with no compensating cystem, would evidently end in an ez- 
liaastion of any finite supply. A perfect adjustment was therefore 
neccssnr}-. by which nuCnment should mstain tile, and lite contribate 
to nutriment. Now the plant Inkcs up carbonic. acid from the almo^ 
phere, apnropriatcs the carbon, and gives back the oxygeo. Yet there 
u no tendeney to an exhauilion of the almoapberic carbonic acid, or 
an over-supply of the oxygen ; for death strikes an exai-t balance. 

The death of a pliint ends in a change of all its carbon into car- 
bonic aciil again. Thus the plant, aa it grows, decomposes carbonic 
acid to get carbon, and then cuds in making, in Its deuay, as much 
carbonic acid, and restoring it to the atmosphere. Thus through death 
the cooipenBation is pcrteit. The atmosphere loses only what it 
receives. Again, as just now observed, the plant, in growing, givea 
oxvgcn to the atmosphere ; but in the decay of the plant the carbonic 
aciiTlbrtned is made by taking up the same amouut of ox}'gen. The 
same carbon that lost oxygen when becoming a part of the plant, 
takes it again at the decay. The system is hence complete. The 
parts play into one another in perpetual interchange. Take death 
ami de«jay out of the syrtem, and it would not work.' 

Animal life, as above slated, was made to subsist on plants. But 
the scheme is so well managed as not to disturb the balance made by 
the vegetable kingdom uk>hc. For all ihc ciirbon of animals comei 
ftmn [iTunts. The plants which feed an animal, and which, on decay, 
would have turned into carbonic acid, become changed into earbomo 

'laearlr SMloglral lilntorr. sn Is (pdviIIt IkIIcvimI nmoDj gmloslal'. Ihrr* 
ta n irrr:i( nidit. bv ilir :;iawtliol pUBI* dnrlnir IlK ciirbanlR'nKiii era. Ve|[e! 

I ' . ^rbunlA mM rrom Ihi^ lUinaiipharo, by llm proee» of 
L- I- 1 IHtlod of ^rcM lusmbcsi and h/ lUkuicaa* tb* 
.. ■ -^......1 ulas It Tor lud lift. 
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•did in the eoane of the srowth of the animal, 00^ that the whole 
amount of carbonic acid wmch the animal makes is only what the 
plants would hayo made if left to natural decaj. Thus the higher 
nngdom of life is introduced and sustained, and yet the balance 
lemains undisturbed. The system is perfect. 

5. Again, cme part of the animal kingdom, through every class, is 
made to eat up the other part, or at least live on it. The fl^-eaters 
are of all grades, low and high, from the infusorium and maggot to 
the lion and man. Some take what is already dead or decomposing; 
others kill and eat On this subject we observe : — 

(1.) Death is in the system of nature, — death from earthquake, 
lightning, and all moving forces, as well as by natural decay ; and 
the creation of carnivorous animals was hence in harmony with the 
system. 

(2). Various noxious animals are held in check by the camivo- 
rons species. 

^3.) By means of flesh-eaters, the diversity of animal species sub- 
astmg on a given amount of vegetation is vastly increased, and a 
wider expansion is given to the animal kingdom. 

(4.) Futrefieu!tion of the dead is prevented by a multitude of 8cav« 
cngers, who at the same time turn tne flesh into food for the vegetable 
kii^dom ; and thus plants feed animals, and animals feed plants, — 
cue of nature's circles asain. 

The last two principles mentioned are of profound importance. 
The vegetable kingdom is a provision for the storing away or magar 
sining of force for the anunal kingdom. This force is acquit 
through the sun's influence or forces acting on the plant, and so pro- 
moting growth ; mineral matter is thereby carried up to a higher 
grade of composition, — that of starch, vegetable fibre, and s^ar,— 
and this is a state of concentrated or accumulated force. To this 
stored force animals go, in order to carrpr forward their development ; 
and, moreover, the grade of composition thus rises still higner, to 
muscle and nerve (which contain nitrogen in addition to the constitu- 
ents of the plant), and tins is a magazining of force in a still more 
eoncentratea or condensed state. There are thus five states of 
stored force in nature, — three in the inorganic^ the solid, liquid, and 
gaseous ; and two in the organic^ the vegetable and animal. 

Now what is the provision to meet thb last and highest condition ? 
Ib thb magazined force left to go wholly to waste by the death and 
decomposition of plant-eaters? Just the contrary. An extensive 
^tem of flesh-eaters was instituted, which should live upon it, and 
continue it in action in sustaining animal life among successive tribes. 
The flow is taken at its height, and the power is employed again and 
again, and made gradually to ebb. What is left as the refuse is inor- 
ganic matter, — the excreted carbonic acid, water, and excrements, 
with bones or any stony secretions present. Thus the flow starts at 
the inorganic kingdom, and returns again to the inorganic More- 
over, in the class of quadrupeds (mammals), the flesh m the herbiv- 
ores (cattle) is among the means by which the animal type is borne 
to the higher grade of the carnivores. The true carnivores, besides, 
tako the ucst of meat. Whales may \iv<& oil th^ Inferior animals of 
th 9 sea ,- hut the large forest Aeabreateta Vak.^\)«Kii «sA^dQS^\ks^ 
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There is another admirable point in this seliemc. The death and 
decomposition of plant-eaters would have rendered the waters and air, 
locally at least, destructive to life. It is well known that it is necessary 
in an aqoarium to have flesh-caters along with the plant-caters and 
plants. And when in this way the living species arc well balanced, 
the water will remain pure, and the animab live on indefinitely. If 
not so balanced, if an animal is left to decay, the waters become foul, 
and oiten everything dies. Putrefaction and noxious chemical com- 
binations follow death, because, in life, the constituents, carbon, hy- 
drogen, nitrogen, and oxygen are in a constrained state, at the fur- 
thest remove from what chemical forces alone can produce ; and hence, 
when the restraint is taken off at death, the elements tly into new con- 
ditions according to their affinities. Now animals, dying yearly by 
myriads, are met at death by an arrangement which makes the dead 
eontribute anew to animal life as its aliment, and in this very process 
the flesh ultimately comes out innocuous, and is at last so far chann^ed 
to the inorganic condition as to be the best fertilizers of plants. Part 
of the process of getting rid of the ^eat Qeshy carcasses consists in 
their minute subdivision by the feeding of larves of insects, and, fur- 
ther, an infinitesimal di\'ision of the insect as the food of the infuso- 
ria, — which again may become the nutriment of larger animals, to 
go the rounds once more. But the final result is, as stated, phrU" 
food, — largely through the processes of digestion and excretion, but 
part through the decomposition of animals that are too small and 
readily dri^ up to prove ofiensivc. 

Thus the carnivorous tribes were necessary to make the system of 
life perfect. 

One word respecting the necessity of a check on the excessive 
multiplication of individuals. Nature, as just now observed, is a sys- 
tem of constantly varying conditions, — of changing seasons, winds, 
clouds ; of inconstancy, under law, in all forces and circumstances. 
At the same time, the growth of a species requires the nicest adjust- 
ment of special conditions in each case. On this account the repro- 
ductive powers in species b in many cases excessively large, so that 
the various accidents to which the eggs or young would be exposed 
might not cause their extermination. This provision opened the way 
for occasional excessive multiplication, and required a cneck from car- 
nivorous races. 

(5.) Finally, could death be prevented in a system of living beings 
in nature without constant miracles ? How should the earth be man- 
aged to secure it against death ? It would be necessary to still the 
waves, for they are throwing animals and plants on the coast to die ; 
to still the winds, for they arc ever destroying in some parts of their 
course ; to still even the streams and rains. With winds and waves, 
not only helpless animals and plants, but men's houses, sliips, and 
boats would now and then be destroyed, in spite of prudent precau- 
tion and holy living. But if we still the waves, the winds, and the 
itrcaou, the earth would rot in the stagnation, and here again is 
death 1 

\Yo thus learn, that in life the fundamental idea of reproduction 
implies death ; the processes of life are thu pro^v::i!&(sa «\m\xUAS!LeoMil^ 
of dMih ; th9 atabmty of the system of AlCe rv^>i\ivA ^^^^Xi\ >^ n^ 
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etable kingdom is made to feed animals, and the anittnl kit^om, 
while containin;r plant -caters, demands llesh-eaters for its own bal- 
ance, for the removal of the dead, and to make out of dead fledi the 
proper food for plants, thus to pay its debt to the vegetable kingdom. 
Hence death psrvades the whole system of life in its essence and 
physical laws ; and it could not be prevented in a worid of actii-e 
forces except by a constant miracle ; and this would be an annihilation 
of nature, that is, of a system of law. — Prof, J. D. Dana, SiUiwutn*i 
Journal, 

THE SALTNESS OF THE SEA. 

In the course of the list twenty years the distinguished Daniflb 
chemist, Forchhammer, has executed about two hundred complete 
analyses of water from all parts of the ocean, but in particular from 
the Atlantic and the north European seas connected with it. At the 
eighth meeting of the Scandinavian naturalists, at Copenhagen, the 
important resiuts of these laborious researches were conmiunicated. 

Soilness of the Ocean. — The mean of 140 complete analyses gives 
84.304 of salt in one thousand parts of water, unequally distributed 
over 16 remons. But the specimens being principally taken at lower 
latitudes, this mean is too high. If we take 34 in one thousand parts 
as the mean saltness of the sea at the mean atmospheric pressure, and 
give the results in differences of ten thousandths from this mean, they 
will become more perspicuous. 

Thus the mean saltncss of the Atlantic (35.77 thousandths) is ex- 
pressed by -|- 1 7.7 ; of the California Pacific + 12.2, Japanese Pacific 
-f-4.3, Indian Ot'can -|- 1.3. The Atlantic system of rivers drains by 
far the greater portion of the continents, and has the same position in 
latitude ; thus the evaporation in the Atlantic must be greater than in 
any other part of the ocean. 

The Atlantic is divided into five regions, viz : — 
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Thus the tropical part of the Atlantic is the saltest, and the amount 
of salt regularly decreases toward the poles ; yet tlie northern Atlan- 
tic is more salt than the southern (an mtiuence of the Gulf Stream).' 

The first great circulation of terrestrial water is represented in 
these numbers: only a part of the water evaporated between the 
tropics directly returns to land and sea in form of rain ; another part 
is carried to the polar regions, lu^ri' condensed to snow and ice, re- 
turning towanl the equatorial belt eitlier in great fresh-water cur- 
rents or in veritable ico-stream«, thus reestablishing the equilibrium. 

Saltncss of Oceanic Carre n's. — The equatoi*ial current has in the 
Bay of Benin a saltncss of -|- 3.8 ; crossing the equator between long. 

The maximum of taltnoA«, -\- vo, or T* !XA tVio)&«iitidtU«^ U tn tlio north ItodIcnI 
t of the Atlantic, oppoBite the iVry co&kV% ot ^cXinctv^Vv^tucft \k^\^^rs ^>»>\3k 
no iirtnh water may bj obulucA, \at. *i<* \V '&.,\««^^'*«f WNI . 
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t5^ and 8A^ W., tliu fueoesavcly increaiics hj evaporation to-|- 17.S 
mad -|- 20.8. On the ssune longitude, at lat. 15^ S., the s.altness is 
4-31.5, lat 12-14^ N.-f- 21.9 and 19.4 ; thus the current is less salt 
tnaa the ocean near it — indicating the freshening influence of the 
^reat lirers of Guinea. Near St. Thomas, West Didies, the saltncflB 
n only -^17, — the enormous amount of fresh water from the Amazon 
and Ormoco reaching thus far, since a few dc^cs north of the 
emrent the saltness of the ocean is again 4-27. At the Bermuda 
Idands the aidtness is-^- IB.8 — the evaporation in the Gulf has been 
oooiiter1>alanced by the waters of the Mississippi. Northward the 
Golf Stream increases to 21.0, 22.8, and 23.6 ; but at lat. 43^ 20', long. 
440 i^f ^.^ where the St. Lawrence empties, the saltness abruptnr 
flinka to-^-lJi (a diminution of 2^ thousandths!^ From this mini- 
mam it slowly rises to-f- 18.9, and at last dimmishes again in the 
higher latitades. These regular oscillations in the soilness of the great 
AtUmtie eurreni show the fresh water suppb/ obtained from the great 
African and American rivers, and the effects of evaporation^ and 
wiJbe it very probable that these rivers contribute to give the current its 
parHeular direction. 

The mean saltness of the polar current of Baffin's Bay is -|- S.2, but 
decreasing towards the north, 

* Latitudes, 58'> 53' C4'> 69<> 

Saltness, +15.8 -(-10.3 +^ 

Aoinnghow the water of the Arctic Sea is freshened by the northern 
rivers* ijreenland glaciers, and the Hudson's Bay rivers. 

The saltness of about twenty points of the ocean has been deter- 
mined for different depths. A difference of about one thousandth 
eoiraiponds to the greatest depth observed, lat. 12^ 3G' N., long. 25^ 
•5' W.^ depth 11,100 feet The saltest water of the surface here 
eridently u the hottest 

In Davis Strait and Baffin's Bay no considerable difference of salt- 
ness for different depths is observed; but in the adjacent Atlantic 
the lower water is less salt than the warmer above it ; and this same 
cold and less salt bottom current may be traced along the Atlantic, 
except where great quantities of fresh water arc introduced by Euro- 
pean and American rivers, making the lower strata the saltest 

In the Indian and Pacific the lowest water everywhere seems to be 
tibe Sidtest ^only four observations). 

Comnontion of the Salts. — Twenty-five different elements have 
been ooscrvcd in the salt of the ocean or in plants and animals of the 
wttki 0,H, CI, Br, I, Fi, S, P, C, N, Si, Fe, Mn, Mg, Ca, Sr, Ba, iVa, 
Ka: As, Cu, Pb, Zn, Co, Ni ; but only those printed in Capitals are 
pffedommant Of those, chlorine, sulphuric acid, lime, and magnesia, 
may be determined with great exactitude. Comparing all analyses 
of ocean water (including the North Sea), it is found that the relative 
p roportion of the components is nearly constant, being — 

Chlcxine 100, sulphuric acid 1 1.91, lime 2.95, mr jnesia 1 1.08. Total 
181.1 (tor each 100 of chlorine). 

The total is the most constant ; yet there are small but constant 
diflhrenoes for the different regions of the ocean — differences enbuv* 
iag with tbe proximity of land, grealeat Vn fgo^ wi\«|v— ^>M>i» 
- — 'tJewmal. ' 
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NOTES ON THE SURFACE GEOLOGY OF THE BASIN OF THE GBSAT 

LAKES. BT DB. J. S. NEWBERRY. 

The changes which have taken place in the pthjrsical geography^ of 
the country surrounding the great lakes, geologically speaking, with- 
in a recent period, have been very great ; how great, and dependent 
upon what causes, we cannot as yet definitely state, as mach more 
study than has hitherto been given to the subject will be necessary 
before all its difficulties and obscurities shall be removed. These 
changes to which I have referred apparentiv include (a) great alter- 
ations in the level of the water-surface in the lake basin, and^ f b) is 
the elevation of this portion of the continent as compared with the 
iea-level, with (c) corresponding alternations of temperature, all fol- 
lowed by their natural sequences. 

The facts which lead to these conclusions are briefly as follows:*- 

(1) The surfaces of the rocks underlying all portions of the basin 
of the great lakes, except where affected by recent atmospheric action, 
are planed down, polished, scratched, and furrowed, precisely as those 
are which have been observed beneath heavy sheets and masses of 
BBOving ice. The effect of this action is strikingly exhibited in the 
hard trap ledges of the shores of Lake Superior; by the rocket 
mou'onncs of the granitic islands in the Sl Mary's River and Lake 
Huron ; by all the hard, rocky maigins of Lake Huron and Lake 
Michigan ; by nearly all the surface rocks, when hard enough to 
retain glacial furrows, of Ohio, Indiana, Illinois, Iowa, Wisconsin, 
etc. 

(2) Upon these CTOoved and polished surfaces we find resting, — 
First, A series of blue laminated clays in horizontal beds, contain- 
ing few shells, as far as yet observed, but, in abundance, water-worn 
trunks of coniferous trees with leaves of fir and cedar, and cones of a 
pine. Second, Yellow clays, sands, gravel, and bouliJers. Among 
the latter are granite, trap, azoic slates, silurian fossiliferous limestone, 
masses of native copper, etc., all of northern origin, and generally 
traceable to points several hundred miles distant from where th^ 
are found. 

(8) Millions of these granite boulders and masses of fossiliferooi 
limestones, often many tons in weight, arc now scattered over the 
surface of the slopes of the highlands of Ohio ; and, in some places, 
collections of them arc seen occupying areas of several acres, and 
numbering many thousands, all apparently having been brought here 
together and from one locality. 

^ (4) At various points are found remarkable pits, conical deproa- 
sions in the superhcial deposits, which have been attributed to ice- 
bergs stranding and melting, dropping their loads of gravel and stone 
around their resting-places. 

(5) The beds of clay and other transported materials mentioned 
above are several hundred feet in thickness, extending from at least 
one hundred feet below the present water level in the lakes to points 
five hundrcJ feet or more above that level. 

f6) During the ^^ glacial period" to which I have referred, the 
9 country must have been relatively higher than at present, and 
miaBg9 mach more free \ Cor, dnrvn\^ \>»a «^gKy;\k^^^Ek!^x')&!L<^7P^ 
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the ■tTCWDS were excavated to a far greater depth than they arc at 
present. ThiB is proven by the explorations wbicli have been made 
in all the country bordering Lake Erie in search of rock oil. The 
borings made upon the Upper Ohio and its tributaries, as well as 
along the rivers emptying into Lake Erie, show that all these streams 
flow above their ancient beds, — the Mahonin;; and Shenan^o, at their 
Junction, one hundred and fifty feet ; the Cuyahoga, at its mouth, 
over one hundred feet above the bottom of their rocky troughs. The 
valley of the Mississippi at St. Louis and Dubu(juc, and the Missouri 
at and above Council JBlufis, exhibit precisely similar phenomena,— 
deep troQghs excavated in the rock by the ancient representatives 
of the present streams, subsequently submerged and filled up with 
drift clay, gravel, or loess ; these troughs having been but partially 
cleared of these accumulations by the action of the rivers during what 
we call the present epoch. 

(7) Along the margins of the great lakes are distinct lines of 
ancient beaches, which show that m comparativelv recent times the 
water level in these lakes was full one hundred feet higher than at 
present 

The facts enumerated above seem to justify us in the following in- 
ferences in regard to the former history of this portion of our conti- 
nent, (a^ At a period corresponding with, if not in time, at least 
in the chain of events, the glacial epoch of the Old World, the lake 
reghny in common with all the northern portion of the American conti- 
nent^ was raised several thousand feet above the level of the sea. In 
this period the fiords of the Atlantic (and probably Pacific) coasts 
were excavated, as also the deep channels of drainage which, far 
above their bottoms, are traversed by the Mississippi and its branches, 
and indeed most of the streams of the lake country. 

Daring this period Lake Erie did not exist as a lake, but as a val- 
ley, traversed by a river to which the Cuyahoga, Vermillion, Chagrin, 
etc., were tributaries. In this ^* glacial epoch " all the lake country 
was covered with ice, by which the rocky surface was planed down 
and furrowed, and lefl precisely in the condition of that beneath the 
modem moving glaciers in mountain valleys. Could we examine the 
•mrfiKses upon wmch rest the enormous sheets of ice which cover so 
moch of the extreme arctic lands, we should doubtless find them ex- 
hibicing the same appearance. 

(b) At the close of the glacial epoch all the basin of the great lakes 
was submerged bemath fresh watery which formed a vast inland sea. 

From the waters of this sea were precipitated the laminated clays, 
the oldest of our drifl deposits, containing trunks and branches of 
eoniferons trees, a few fresh-water and land shelb, but no oceanic fos- 
sils. Parallel beds on the St. Lawrence generally contain marine re- 
mains. It would seem, then, that thi:i was a period of general sub- 
sidence throughout the northern portion of our continent, and that 
the Atlantic then covered a large part of New England and Canada 
East. 

(c) Subsequent to ihe deposit of the blue clays, an immense quantitjf 
of gravel and boulders was transported from the region north of the 
great lakes, and scattered over a wide area south of them. 

Xbst theee inaccrials were never carried V} Q>axt«Q^!k ^ -m^^sRV 
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certain, as their gravity, csj^ially that of the copper, would bid de- 
fiance to the tran^iK>rting p >wer of any current which conld be drivcD 
across the lake basin ; indeed, that such was not the method by which 
the^ were carried is conclusively proved by the fact that, between 
their places of origin and where they are now found, the bhie clay 
beds previously deposited now lie continuous and undistorbcd. By 
any agent, ice or water, moving over the rocky boitom of the lake 
basin, carrying with it gravel and boulders, these day beds would 
have been entirely broken up and removed. The couclnsioa is, 
therefore, inevitable that these immense masses of northern drift 
were floated to their resting-places. All the facts which have eotae 
under my observation seem to me to indicate that, during countless 
years and centuries, icebergs freighted with stones and gravel were 
floating from the northern margin of this island sea, melting and 
scattering their cargoes on or near its southern shores. Subsequei^ljt 
as its waters were gradually withdrawn, these transported matenalg, 
rolled, comminuted, and rearranged by the slowly retreating shore 
waves, were left as we now find them, heaps and imperfectly stratified 
beds of sand and gravel. , "^ 

(d) In the lake ridges (ancient beach€»), we have evidence that 
the water of the lakes remained for considerable intervals much 
higher than at present. By careful study of these ridges we mar 
hereafter be able to map the outlines of the ^eat inland sea, of which 
our lakes are now the miniature representatives, and to determine by 
what causes, whether by local subsidence of some portion of its shores, 
or the cutting down of channels of drainage, this great depression of 
the water level was effected. If, with the topography of the basin 
of the lakes remaining precisely what it now is, the water levcil were 
raised one hundred feet, to ihc ancient beach which runs thiouffh the 
city of Cleveland, the whole of the chain of lakes would be thrown 
togther and form a great inland sea. By this sea a burge portion of 
the State of New York would be submerged, much of Canada lying 
in the basin of the St. Lawrence, most of the peninsula of Canada 
West, the greater part of Michigan, and a wide area south and west 
of the lakes in the States of Ohio, Indiana, Illinds, Wiseonsiny etc. 
Indeed, raised to this level, the water of the lakes would suUneige 
deeply the summit between Lake Ontario and the Mohawk, and es- 
cape at once through the Hudson to the ocean, as well as b^ the out- 
let of the St Lawrence. At the West a similar state of thu^ would 
exist ; the Kankakee summit, the divide between Lake Michigan and 
the Mississippi, now scarcely more than twenty feet above the lake 
level, would be deeply buried, and the whole valley of the Mississippi 
flooded. We apparently have proof that the lake waters did onoe 
flow over this summit, as it is said that lake shells are found beneath 
the soil over nearly all parts of it. 

While it is entirely possible that the low points in the rim of this 
great basin have been worn down to the present inconsiderable alti- 
tude by the acrtion of the water flowing from it, and that the former 
inland sea was drained by the simple process of the wearing down of 
its outlets, we may well hesitate to accept such an explanation of the 
phenomena until conclusive evidence oC ita truth shall be obtained. 
GeoJg^cal history idOTords ua so many %a»am^«i ^ ^M^\iiito\M^iirT^ ^ 
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oar terra firma^ that we can readily ima^ne that local changes of 
level in tlie land hare not only greatly ailectcd the breadth of water 
■arfoce in the lake basin, but have i>crhaps in some instances pro- 
duced what we have supposed to be proof's of great and general el^ 
TAtions of the water level, which are, in fact, only indications of a 
local rise of the land. 

THE GLACIAL ORIGIN OF LAKES. 

In a pap^ recently read before the Greological Society (London) 
Prafefior jEtamsay gave reasons for con8idering that the great Alpine 
lakes, such as Geneva, Zurich, Constance, Maggiore, Lugano, Como, 
and others, ^* do not lie among the strata in basins merely produced 
1^ disturbance of the rocks, but in hollows due to denuding agencies 
th^ operated long afler the complicated foldings of the mioccnc and 
other strata were produced.** lie remarked that none of these lakes 
lie in simple synclinal troughs, and that in no case of lakes among 
the Alps IS it possible to affirm that we have a synclinal hollow, ot 
which the original uppermost beds remain ; neither do they lie in 
areas of mere watery erosion. Neither running water nor the still 
water of lakes can scoop large hollow basins, like those of the lakes, 
bounded on all sides by rocks. Uunning water may fill them up, but 
cannot excavate them. Prof. Ramsay next argued that these lakes 
do not lie in lines of gaping fracture. A clance shows this, with re- 
spect to such lakes as those of Geneva, Ncuchatel, and Constance ; 
and, reasoning on the nature of the contortion of the strata of the 
Alps, ho contended that, though fractures of the rocks must be com- 
mon, they need not be gaping fractures. To produce such a mountain 
chain, the strata are not upheaved and stretched so as to produce open 
cracks ; on the contrary, they are compressed laterally and crumpled 
np into smaller space, and the uppermost strata, that pressed heavily 
on the crumpled rocks now visible, would prevent the formation of 
vide, open fractures below, these upper strata, as in North Wales, 
having, over a great part of the area, been moslly or altogether re- 
moved by denudation. Next, lakes of the rock-basin kind do not lie 
in an area of special subsidence. If so, for instance, we should 
require one for the Tod ten Sea, one for the Grimsel, one for the 
ancient lake of the Kirchet, several at the foot of the Siedelhorn, 
many hundreds close together in Sutherlandshire (£ngland), and 
thoQsands in North America. 

If, then, the lake-basins were formed by none of the above-named 




glaci 

feet deep near its eastern end, and was scooped out l)y the great 
glacier of the Rhone, the ice of which, from data supplied by Char- 
p?ntier, was about 1,200 feet thick when it abutted u[)on tlic moun- 
tains, and 2,780 feet thick when it first ilowcd out upon the ]>l'iin at 
the mouth of the valley. Add to this the dctith of the hike of 0;$4 
feet, aud the total thickness of the ice must have been 3,704 feet at 
what is now the eastern part of the lake: '* I coaceive, then,'' sayi 
VkctBaamff **ihaX this enonnonu maaa oSkA^v^a^^aa^^to^* ^"^ 
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west, and then partly west, scooped out the hollow of the Lako of 
Geneva most deeply in its eastern part, opposite Lausanne, where 
the thickness and the weight of ice, and consequently its grinding 
power, were greatest/* 

The lakes of Thun and Brienz lie in the course of the ereat Aar 
glacier, those of Zug and the Four Cantons in that of iUtorf, the 
Lake of Zurich lies in that of the Linth, the Lake of Constance in 
the course of the prodigious glacier of the Rhine valleys, the numer- 
ous little rock-basin lakes near Ivrea in the line of the glacier of the 
Val d'Acosta, and those of Maggiore, Lugano, and Como, in the 
courses of the two gigantic glacier-areas that drained the moontaios 
between Monte lio^ and the Sondrio. 

The sizes of the lakes and their depths were then shown to be, in 
several cases, proportional to the mi^nitude of the glaciers that 
ground out the basins in which they fie, and to the circumstances 
whether the pressure of ice was broadly diffused, or vertical as in 
narrow valleys. 

Finally, it was shown that rock-basins holding lakes are always ex- 
ceedingly numerous in and characteristic of all countries that have 
been extensively glaciated. Lakes are comparatively few in the south- 
ern half of North America, but immediately south and north of the 
great lakes and the St. Lawrence the whole country is mtnUonnee and 
striated, and is also covered with a prodigious number of rock-basins 
holding water. The same is the case in the north of Scotland, the 
whole area of which has been moulded by ice ; and east of the Scandi- 
navian chain, in another intensely glaciated region, the country is 
covered by innumerable lakes. 

THE OBIGIN OF THE EXTERNAL FEATURES OF THE LAND. 

In a paper on the above subject presented to the British Assnri» 
tion, by Prof Jukes, President of the Geological Section, the author 
asked, in the first instance, how the variations of the surface called 
mountains, hills, cliffs, glens, valleys, and plains, were formed. He 
took, first, the formation of great plains, and showed that although 
some were formed as plains on horizontal beds, few even of these 
retained the ori^nal surface of the position, but had more or less a de> 
nuded surface. Many equally level plains were low and level because 
mountainous masses of rock, often greatly disturbed and contorted, 
had been removed from above the present surface. The central plain 
of Ireland, and other plains in the British Islands, were formed in 
this wa^. All mountains, except volcanoes or ^^ hills of ejection,** 
were either *^ hills of circumdenudation," formed by the wearing 
down and removal of the rocks formerly around them, or '* hills of 
uptilting." In the latter, the lowest rocks appeared in the central 
parts oi the chain, oflen reared into the highest peaks, and these 
central beds dip on cither hand under higher and higher groups, 
which come in as wo recede from the axis of the chain. The beds 
have been raised by mechanical force acting from below ; but this, 
however it had tilted or bent them, could not remove them, so that 
the successive exposure of lower and lower beds as we approach the 
lUiM of the chain must be ow\n|( to t.\ift ^:KXjexi&^ ^£cc]«iss& f& xsis^^aBi:^ 
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water. Those '^ hOls of uptilting," then, -were hills not in consequence 
but in ipite of dcnodatioUf and would have been many times lollier 
had it ncA been for the erosive action. Air. Jukes then entered into 
a dijcnfliion as to tho relations between the action of internal force 
and that of external erosive action, and declared his belief that all 
the striking external features were the result of the direct action of 
the external forces called the *^ weather," and were not caused by any 
direct action of the internal forces, which could only reach the sur- 
Ace through the thickness of tho crust. He then examined these 
forces of erosion, and while he attributed to marine action all tho 
greater and more general ieatures, the great plains, the long escaip- 
ments, and the general outline of the mountains, he believed that the 
▼alleys which traversed the plains, tlie gullies that furrowed the sides 
of tho hills, and the glens and ravines on the flanks of the mountains, 
were all due to the action of the ice or water which fell on them from 
the atmo^here. He did not give these views as altogether original, 
bnt mentioned M. Charpentier and Air. Dana as having long ago ap- 
plied them to tho Pyrenees and to the Blue Alountains of New South 
Wales ; but, having been long skeptical as to their reality, he now 
wished to record his conviction of toeir truth. Mr. Prestwich, Prof. 
Bamsav, and himself, while pursuing different lines of investigation, 
had all been simultaneously compelled to appeal to subacrial action 
as the only method of explaining tho phenomena they had met with, 
and Dr. Tyndall had since fallen into tho same line of march. 

NEW OBSERVATIONS ON GLACIERS. 

Pkef. Tyndall has conmiunicated to the London Times the.following 
mteresting statement : — 

Many years ago, Mr. William Hopkins pointed to the state of the 
rocks over which glaciers had passed as conclusive evidence that these 
▼ast masses of ice move bodily along their beds. Those rocks are 
known to have their angles rasped off, and to be fluted and scarred 
by the ice which has passed over them. Such appearances, indeed, 
constitute the entire evidence of the former existence of glaciers in 
this and other countries, discussed in the writings of Charpentier, 
AfOMiz^ Buckland, Darwin, and other eminent men. ^ 

I have now to offer a proof of the sliding of tho ice exactly com- 
plementary to the above. Suppose a glacier to be a plastic mass, 
which did not slide, and suppose such a glacier to be turned upside 
down, so as to expose its under surface ; that surface would bear the 
impression of its bed, exactly as melted wax bears the impression of 
a seal. The protuberant rocks would make hollows of their own 
shape in the ice, and the depressions of the bed would be matched by 
mrotnberances of their own shape on the under surface of the glacier. 
but snpposo the mass to slide over its bed, these exact impressions 
would no longer exist ; the protuberances of the bed would then form 
longitudinal furrows, while the depressions of the bed would produce 
longitudinal ridges. From the former state of things we mignt infer 
that tho bottom of the glacier is stationary', wliile from the latter we 
ihould certainly infer that the whole mass slides over its bed. 

lu de§opinding from tho summit of the V^Q^^g^bfiK^SsL K»!^Qai^.Nai^'V 
22* 
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fbund, near the flanks of one of its glaciers, a portion of the ice 
pletely roofing a hollow, over which it had been urged witbonl being 
squeezed into it A considerable area of the under surface of the 
glacier wis thus exposed, and the ice of that surface was more finelj 
fluted liian ever I have observed rocks to be. Had the tool of a cab- 
inetmaker passed over it, nothing more regular and beautiful could 
have been executed. Furrows and ridges ran side by side in the di- 
rection of the motion, and the deeper and larger ones were chased br 
finer lines, produced by the smaller and sharper asperities of the bed. 
The ice was perfectly unweatliered, and the white dust of the ro^ 
over which it had slidden, and which it had abraded in its passagei 
still clung to it. The fact of sliding has been hitherto inferred from 
the action of the glacier upon the rocks ; the above obsenration leads 
to the same inference fi*om the action of the rocks upon the glac^. 
As stated at the outset, it is the 'complementary proof that the glacier 
moves bodily over its bed. 

THE ARTESIAN WELL AT FASSY, FRANCE. 

At a recent meeting of the French Academy, M. Dumas read a 
paper on the history and difficulties of the above-named work. The 
idea of boring this well originated with the necessity of obtaining aa 
additional water supply for the city of Paris. This city rests upon a 
stratum of chalk about 600 metres in depth, covered with about fifty 
metres of various strata of tertiary soil, and itself resting on nearly 
fifly metres of marl or clay, whicii is in contact with the green-sands 
from which the celebrated well of GrencUe derives its supply. The 
successful boring of the latt<;r had established the fact that the wotei 
which these sands received from localities at a distance from Paris 
might be made to rise to the surface, and even to thirty or forty metres 
above. But the experiment had only been tried for bores not exceed- 
ing a diameter of from twenty to thirty centimetres, yielding a supply 
of from 2,000 to 4,000 cubic metres of water per day. An engineer* 
however, M. Kind, came forward with an offer to bore a well of a diam- 
eter of rixty centimetres, yielding 13,800 cubic metres at an altitude of 
twenty-five metres above the highest point of the Bois de Boulogne. 
Though limiting his promises to the yield above stated, he declared 
his conviction that it would reach 39,G00 metres ; an assertion winch 
most en^neers considered exaggerated, deeming it highly improbable 
that an increase in the diameter would increase the supply. 

On the twenty-third of December, 1854, the works were resolved 
on, and the spot chosen in the neighborhood of the Bois de Boulogne, 
where the high temperature of the expected column of water might 
be turned to account. But the enterprise was fraught with difficul- 
ties which it required the unflinching perseverance of M. Kind to 
overcome; although out of the 58 7 J metres which constitute the 
depth of the new well there were scarcely thirtv oflTering any serious 
obstacle, and these were situated in the clay either above or below 
the chalk stratum. 

On March thirty-first, 1857, the bore had already reache<l 528 
xnetreSf and water was hourly ex^cU^d, wWtv ^wdd^tA^ the tube of 
theet iron which supported tVie c\&'y ^naa crxi^dEiK^ \il>s i^A^^ranoB^^ 
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^^Wemh of only thirty metres from ttie top. This acrident it toek 
nearly three years to repair. A shafl of the depth of fifty-three and 
B half metres had to bo dug clnee lo the bore, throuch all the mort 
dangerous strata, and tiucd partly ivich sheet and partly wilh cast iron 
and masonry. Iia diameter was three metrea tUroughout the tirtv 
thirds of ita depth, and 1.70 for the rest. It was a work of extretae 
difficutty. Cast-iron tubes, of the thieknen of thirty-five millimetrei 
(four-fifths of an ineh), were starred or cracked in all direction!, as 
if they were mere glass. More than once the workmen refused to 
riik their lives in this work, and the city engineers had to eeC the ex- 
ample of personal courage. 

This stupendous labor was not brought to an end before the thir- 
teenth of December, 1859. The old ontioe was then cleared, and the 
boring recommenced, and continued without any further accident to 
tile depth of 550 metres, wlien the tulie, composed of wood atron^ly 
hooped with iron, and ending in a bronze pipe, two metres of which 
were fitted into the wood, the remaning twelve metres being free, 
stuck fast in such a way as to render all further progress nearly hope- 
leas. However, M. Elie de Beaiimnnt having, upon mature e 

■tion of the specimens brought up by the borer, declared wate. . 
clo»e at hand, it was resolveil that the bore should be continued with 
B nnBll diameter, to be aC^rwarda enlarged, if necessary. Water 
was found, for the first time, at 577}- metres, but, as we know, re- 
mained a few metres below the level of the orifice. A second tube of 
sheet iron, seventy eentimelres in diamclcr, two in thickness, and 
Gfty-two metres in length, twelve of which were loophoicd in order 
to let the water pass, was sunk, and soon stopped in the clay. The 
boring was now resumed, to attain the largest diameter, until the 
twenty-fourth of September, 1881, when M. Kind saw not only his 

¥'Dmise fulfilled, but even his hopes to a certain extent Tcaliied. 
ho bronze tube has remained where it wa.",hut the concentric one of 
sheet iron has sunk to 380 metres. The yield of water trom this well 
b 20,000 cubic metres in twenty-four hours — sufficient for tho wants 
of SOO.OOO inhabitants. At the same time the produce of the well at 
Greoellc had diminished one-fourth. 

At the same meeting of the Academy. M. Gaudin presented a com- 
miuBC«tion in which ho replies to tho tjuestion, often asked, whether* 
tbc tupply of the artesian wells, bored m the neighborhood of Paris, 
can ei-er be exhausted. The stratum of green sandstone intcrpoeed 
between tho strata of chalk and Jurassic limestone is of the average 
tiiicknets of fifty metres; conseiguenlly, taking tho depth of S77 
Rietre* of tho artesian well at Passy as a criterion, there remsAos b 
depth of t«eat}--five metres of sand. A cubic metre of sand, closely 
mnuned, weighs 1,GOO kilogrammes, while compact quariK weighs 
3,900 kilogrammes ; hence, tlio stratum of sand, even supposing it to 
be closely packed, has interstices amounting to one-third of its bulk 
in the axsregate, so that every cubic metre of sand under water con- 
tains S33 litres of water. Now. the layer <if sand existing under the 
chalk miy bo represented by a disc of liSO kilomelres' radius, its mte- 
face amounting to 8I),00() square milliniclres, nud its tliickness to inght 
Dietrea. The cubic contents of this disc wo, \.\ieTt:Iot«, ft^Qt^AAfSAftfi 
tt^ wbiob, divided by 10,000,OW), \i»u Xij Va*^-***' 
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quotient 175, being the number of years requisite to exhaust the sup- 
ply of water at the rate of 10,000,000 cubic metres per day ! This 
would be correct, supposing the quantity of water to remain Btatioo- 
ary, and never to receive any increment by the infiltraticm of run- 
water and that of rivers. This M. Oaudin calculates at half m metre 
per annum, and thence arrives at the conclusion that the annual in- 
crease of the water is double the quantity expended ; so that the arto» 
flian wells in or about Paris are and must ever be inexhaustible. 

Artesian Wells in tJie Desert of Sahara. — The Paris Cosmos states 
that in five years, terminating with 1859-60, fifty wells have been 
sunk in the Algerine Sahara, capable of yielding 3G,7C1 litres of 
water per minute. 30,000 palms and 1,000 fruit trees have been 
planted. Numerous oases have been recovered from ruin, and two 
fresh villages established. The expense has not yet reached 298,000 
francs, and has been covered by a slight additional tax, and by vol- 
nntary contributions from the Arabs. The water is slightly saline* 
and a little bitter, from the presence of Epsom salts, but is not found 
to be unwholesome. 

THE FROZEN WELL OF BRANDON, VERMONT. 

In 1859, the Boston Society of Natural History appointed a com- 
mittee to investigate the phenomena of the soK^alled frozen well of 
Brandon, Vt, described in the Annual of Scientific Discovery tat 
1860. During the past year, this committee, consisting of Jolm H. 
Blake, Esq., Dr. C. T. Jackson, and Prof. W. B. Rogers, have made 
a report, the substance of which is as follows : — 

The frozen well of Brandon is situated about half a mile west of 
Brandon Hotel, on the estate of Mr. Abraham Twombley. It was 
in the month of November, 1858, and stoned up with boulders of 
limestone rock soon after. In excavating this well, the first strata 
were found to be sandy loam, then came coarse gravel, and a bed of 
rounded boulders, of sizes varying from a walnut to a foot or more in 
diameter, the spaces between the boulders being filled with fin^ 
clayey sand. Twenty feet from the surface the boulder bed and soil 
were found to be frozen, and lumps of frozen earth, with pieces of 
ice, were raised, some of the lumps of ice being the size of a hen's 
egg. Frozen masses of the earth and lumps of the ice were taken 
away and exhibited in the village of Brandon. All the lower pcation 
of the boulder bed was frozen ; but on passing through it to the sand 
below, liquid water was found, which fiowed up into the bottom* of 
the well. The whole thickness of the frozen bed was estimated at 
from twelve to fifteen feet. 

Before making an examination of the well the committee explored 
the g'3olo<ry of the immediate environs. The gravel bed was found to 
outfTop 250 feet north-west of the well, in a road-side cut. The 
rocky basis on which the drift material in which the well is sunk re- 
poses on limestone. A section of the road side cliff showed the so- 
called gravel bed, made up of erratic boulders, to bo six feet in thick- 
ness ; over this is a bed of gravel proper, one foot thick ; then a 
s3ver of sand two feet thick, ovex yiWu \a a^l^j^'^iT oC ordinary sandy 
aodf mixed with mould. From tVie Us^ o^ xXtf^ %Vx^\akVuN& ^Nn&o^i^CttS. 
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the mrel bed panes through the bottom of the well ; and from other 
wdb on both sides it was clear that this gravel bed docs not go 
through, and that it is quite a narrow belt 

The well itself was found to be thirty-four feet deep, with two feet 
of water in it, while around the bottom of the stone-walling of the 
well was a thick rim of solid ice, a hole large enough for a bucket 
onljr remaining open, as it had been cut the previous winter. (This 
was in June, 1859.) The well is three feet in dian^cter. 

The temperature of the water in the well was 32^^° Fahrenheit. 
Ihe temi>erature of the air in the well near its bottom was 35 A° 
Fahrenheit. That of the air on the surface was 49^^^ Fah. The 
temperature of a spring just outside of the gravel bed was 51^*^^ 
Fah. A well b<ilonging to Mr. Strong, a few hundred yards east of 
Twombley's, was found to be fifteen Icet deep, and the temperature 
of the water was 46^° Fah. A spring south-west of the frozen well, 
and not far distant, bad a temperature of 9° Centigrade, or 48^^ 
Fah. None of the other wells in the town freeze in the winter, or are 
remarkably cold. It is evident, therefore, that the geological forma- 
tion around the frozen well determines its freezing character, and 
that the eravel bed, in some way, causes the water in that well to 
fireeie, and to continue frozen through the summer months. 

A pit was then sunk in the carden, 70 feet south-east of the frozen 
well, to the depth of twenty-nine feet. The strata were found to be 
elar and sand near the surface, and the lower part consisted of gravel 
and boolders. No frozen strata were found. After e^c^ tuning the 
results of this digging, another excavation was made to the west of 
the well, which gave more satisfactory results ; for the moment the 
grarel and boulder bed were struck, they were found to be very cold, 
and near the bottom of the bed frozen earth was found. This was 
in the month of October, 1860, when the summer heat had penetrated 
as far as possible into the earth. This time was chosen expressly for 
the purpose of ascertaining whether the surface heat ever reached 
the DOttomof this frozen bed. In the summer of 1859, the committee 
Tinted the well oflen, and drew ice from it in the months of June, 
JqIt, and August ; on one day when the temperature outside of the 
wm waa 93*^ Fah. in the shade. 

On the seventeenth of September, 18G1, another shafl was sunk, 
ferenty feet from the cold well in a north-west direction, to the depth 
of thirty-four feet. The material passed through was gravel mixed 
with boulders. On the nineteenth of October, at a depth of twenty-six 
feet no ice had been found. The average temperature of the atmos- 
phere was 47^ Fah., and of the bottom of the shafl 46 <^ Fah. On 
the twentieth the workmen reached a depth of twenty-nine feci, and 
foand a stratum of frozen gravel about two inches thick. On the 
twenty-first they sunk to the depth of thirty-one feet, and found a 
•tratom of frozen ground about eight inches thick, below which no 
froat was found t&t day. The day following, at a depth of thirty- 
three feet, the f^vel was frozen so solid that it was difiicult to break 
with a |Mck. The workmen supposed this to bo only a crust or thin 
■tratum of frozen ground, such as they had before encountered ; but 
it continued solid all day, during which they only sunk one foot. 
Char he, in stneaks, pervaded the graveWy maaa. A\iib eiXisras^XMar 
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peraturo at tbis time ranged from 47^ Fah. to 57o Fak The loweil 
depth reached, in this shafl, was, as before stated, thiit/-lbiir feet; 
and the men before leaving tried to drive an iron bar throogh the 
frozen ground at the bottom, but without success, the earth bong 
too solid. 

In concluding the report of their investigations, the committee saj : 
Although we do not feel that we liave been able to remove all doubti 
as to the true theory of the phenomena of the frozen well, still we 
incline to believe Xhat the freezing is due to the nature of the eou- 
ducting medium in which the well exists, and that the wave of heat 
in the summer months is not adequate to overcome the cold of the 
longer cold months, while the uncommonly severe winters of 18^6 
and 1857 may have lowered the temperature of the rocky maflses of 
boulders, so that the wave of summer heat has not yet oeen able to 
reach the frozen mass, which, once congealed, would resist thawing 
on account of the slow conduction of ice. It should also be remeoi- 
bered that water does not conduct heat downward readily, though 
it does upward by convection.* 

The existence of beds of boulders in other cold and frozen weI]S| 
as in one at Tioga, N. Y., seems to point to the same solution. 

The ice in the Brandon well forms some time in November, and it 
remains until September, thus showing only a brief period when the 
temperature of tne bottom of the well is abiove the ireezing temper* 
ature, while the great mass of boulders remains much below it; the 
well, being more exposed, receives the first warmth by condactioa of 
its walls exposed to the air. 

Among the hypotheses which have been offered to account for the 
phenomena of the frozen wells, are the following : — 

1. The penetration of cold currents of air through the boulder 
stratum. This hypothesis is without any foundation, because there 
are no open spaces, and the boulders are closely cemented tooether 
by being imbedded in clay and sand ; and also because the net is 
ascertained that there are no currents of air moving in the maas, or 
in the well, the flame of a candle placed near the stony walla not 
being in the least deflected. 

2. The descent of cold air into the well, in mid-winter, coomiaiii:* 
eating the degree of cold to the walls of the well. This conjectare 
b insuflicient, since the ice existed before the well was sunk, and 
when there was no opening for the air to descend into. Thia &ct 
was not only ascertamed at the time the well was sunk, as witnessed 
by credible persons residing in the vicinity, but has also been fully 
verified by sinking a shaft into the boulder bed by this committees 
and by the discovery of an extensive frozen stratum in October. 

3. Radiations from the bottom of the well. If this conjecture 



1 Tho funlliar experiment of boiling water upon the snrflioe of a ealn of lee 
without melting it, and that of boiling water nt its surface, by meann of a plat« 
of hot iron pla^d over it, while the water below is not hcatod, iUoitratei this 
statement. 

It is true that the ranximum donsltr of water is at ?t9* Fah., and that H ahiks 
wlien at this temperature in water that is either waimcr or colder, but thia mor^ 
meat la limited to a few deg:n.>cs of tcrapeiMturp. loe. having its particles fixed, 
doeit not allow of the varying of heat by convection, nn it is called, and is a very 
bad conductor of beat, as la obvloua to aU wUo obtMcve a oake of it exposed to • 
trjurm atmof pliare. 
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wen iban d cd, other weUs in tho vicinity, many of which arc more 
favonbly sitnated for sach radiation, should also be frozen ; and yet 
such is not the caie, and they never do freeze in tho coldest winters. 

4. It has alio been imagined tliat some natural freezing mixture 
exists in the frozen strata, or in the water of the well. This is not 
the case, — the water being exactly like that of other wells in tho 
neighborhood, and the boulder bed containing nothing but rocks, 
clay and sand. 

6b That this boulder bed is the moraine of an ancient glacier, the 
ice and cold of which still remain. We doubt not that the boulders 
were rounded and accumulated by the action of moving ici) ; but it 
would appear improbable that ice should remain for many thousands 
of years, when liquid water exists both above and below this mass 
of drift, and percolation of warmer water is constantly taking 
place fimn tlie surface, and it is also introduced from below quite 
urecly. 

6. The well having been stoned up in the latter part of November, 
it has been supposed that the stones were very cold when placed in 
the well, and tnat they have retained their low temperature ever 
since, and thus, by conducting the heat away from tho water in the 
well, thev have caused it to freeze. On this h^-pothesis one observer 
pre^fictea t^t '* our curiosity would soon disapi>ear," as the equilib- 
rinm of temperature would soon bo restored between tho water and 
the walls of the weU. This hypothesis has required the committee to 
leave the question to be solved W time, and three years have passed, 
with the regular recurrence of the ic^' belt, and its equally regular 
disappearance in the autumn. Now, if it was the original coldness 
of toe stones in the well that caused the ice to form, when thoso 
■tones were once warmed above the freezing point they ought never 
^^n to fall below it, and cause the congelation of the water. 

Since it appears that tho nature and situation of tho strata of 
earth, ffravel and boulders around the well causes tho low tempera- 
tnre or the winter months to be preserved in the well throueh the 
smnmer, it is probable that by imitating this condition of things in 
the construction of a well in a similar region, wo could make a well 
that would freeze in the winter, and retain its frozen condition 
throogh tho summer. The experiment might require two or three 
years for its fair trial, in order to afford time for the translation of 
the waves of heat. The committee also remark that the occurrence 
of ice in mines and caves whero snow drifts abundantly into them 
is not sinular to the case of the Brandon well, and requires a different 
explanation. 

jutehistixo illustration of geological thenohena. 

A recent natural occurrence in Califomia is worthy of preserva- 
tion and notice, for tho reason that it illustrates in a clear and de- 
cided manner certain phenomena of ancient deltas and estuary 
deposits of Oolitic, Triassic and Carboniferous ages, whose roixluro 
of marine, fresh-water and terrestrial organisms arc a puzzle to 
geolo^ts. 

la lOeceaberf 2861, Califbnua wis ^imtAd w\0\ ^ t;I»w \»S^ dL 
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nnnsual Tiolence and continuance, which affected the snows upon the 
Sierra Nevadas. The consequence was, that the moantams poured 
down rivers upon rivers of water, until the whole of that great baatn 
of California which the mountains bound was entirely submerged. 
The only outlet to this water is the Golden Gate, the entrance to the 
bay at San Francisco from the Pacific Ocean. "Take the map of 
CaJifomia," says a letter-writer, describing this flood, ** and see where, 
on the south, the mountains come to a pomt below Tularo Lake, and 
then go up north to where they again join at Shasta, and then pic- 
ture the whole of the immense tract of land they enclose under 
water, and the Bay of San Francisco, a vast river, pouring its 
volumes into the Pacific Ocean by the before-named Golden Gate. 
Fancy, also, the tides of that ocean having no effect in the bay, and 
welling up at its entrance, and you will have a feeble idea of the 
ma^itudo of the volume of water that for two months ravaged 
California. 

'* It was very strange to sec the sea for about ten miles aroand the 
mouth of the bay. In the interior, about sixty miles from San 
Francisco, and at the embouchure of the northern rivers, are vast 
tracts of land covered with rushes and semi-aquatic plants, that ^ 
by the name of iule lands, something like the paddy fields of India. 
Well, as the waters rose, these immense morasses rose also, and in 
process of time, becoming detached, floated away with the current in 
masses of from one hundred yards to half a mile in size, and they all 
floated out to sea, travelling, some of them, more than one hundred 
miles before their arriving. Once arrived in their grander sphere of 
action, it was the most extraordinary thing to see the myriads of 
water snakes, faithful to their home, twisting and twirling in the salt 
sea, and to sec the water-fowl that screamed over their nests as 
though warning the islands of their danger, and to see our coast 
when any of the islands were thrown upon it, and the thousands and 
thousands of snakes wriggling their way over the shrubless sands 
that bound it for miles in search of anything to hide them from the 
wholesale slaughter that sticks and stones, and knives, and even gnna, 
made among their host All the salt-water fish left the bay, and aO 
the oysters, like good men, died in their beds." 

THE PLASTICITY AND ODOR OP CLAY. 

^ In a recent paper on the above subject, read to the Gredlogical So> 
ciety (London), tno author, Mr. C. Tomlinson, called attention to the 
circumstance that clay is only plastic up to a certain temperature ; 
when heated beyond that point (which the author believes from ex- 

{>criments performed by him to be somewhere between six and seven 
lundred degrees Fahrenheit), it loses its plasticity and acquires the 
property of rigidity. Moreover, having once lost its plasticity, this 
quality can never be restored to it by any methods yet known to 
science. Further, this property cannot bo produced artificially ; the 
constituent elements of pure clay may be combined in the proportions 
indicated by analpis, but the clay thus produced is not plastic. It p 
nxDonJy stated that it ia l\\<i alMmiua. wUkU confers upon clay its 
10 property, but the antV.or •»^:iowedL ^>i^^ Y^-r^i ;^^tB«sa^'^B>Di^^ 
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felalHwnii, ar «ft^ haTicg been dried and groand up with water, 
ncTer gives a plavtic paste ; nor can water be tbo cause, since melted 
glam and sealing- wu both possess the property. 

The anthor considered that the phenomenon may be duo to a 
c2:ange in the molecular arranccment of the particles of tho clay and 
the cansequent variation of uxo attractive lorco which holds them 
together, the particles under tho circumstances under which clay is 
plastic being nearer to one another, and tho attractive force conse- 
quently greater, than under the circumstances when the clay has the 
property of rimdity. 

As to tho odor of clay, the author pointed out some diflicultics in 
the way of the common opinion that alumina is the cause of this 
p rop ert y, and Ba|;gested various considerations which might lead to 
the eln cid ation ofihe point, 

QUICKfllLyES MINES OF CALIFORNIA. 

The San Francisco Mining and Scientijic Press says: — " There 
have been many recent discoyeries of rich cinnabar in various por- 
tions of our proufic State, in consequence of tho long stoppage of tho 
creaft New Almaden Mine, owing to tedious and vexatious litigation. 
This mine, however, is at last in full operation again, and its annual 
product of over 1,000,000 pounds of q^uicksilver will ap;ain be in the 
market. The Now Almaden, New Idria, Enriquita, and Gaudaloupo 
nines of Santa Clara county, with the many reccnUy-discovercd and 
only partially-worked cinnabar yeins of Napa and Sonamo counties 
(which contain liquid quicksilver), already turn out some 4,000,000 
pounds of quicksilver per annum, — an amount nearly large enough 
to supply the world, — and, doubtless, when these latter shall have 
been more thoroughly opened, the yield will reach tho high figure of 
8,000,000 pounds, the value of which, at the rate of 30 cents per 
pound, would be no less than $2,400,000; and this we think is a mod- 
crate estimate. Hittell sets the average aggregate annual yield of 
the (bur great Santa Clara mines at 8,510,000 pounds, but it has 
raached as high as 4,275,000 pounds ; and as they are by no means 
worked to the best advantage, we may safely look for largely increased 
returns as tho operations of the companies are extended. Accounts 
recently rccciycd from Washoe also speak of rich cinnabar veins dis- 
covereo. With so many mines and such vast ^'ields, we may safely 
predict that the wholesale price of quicksilver will constantly dccreaso 
nntil It reaches eight or ten cents per pound. Quicksilver will then 
be used with a more liberal hand in the search for gold and silver, 
and many other advantages to the world will arise from its cheap- 
ness. 

ECONOmC EFFECTS OF THE BECENT GOLD DISCOYERIES. 

An interesting paper on the above subject was presented to tho 
Britihh Association at its lost meeting, 1GC2, by Mr. Ilonry Fawcott 
He commenced by alluding to the confident predictions which were 
mfde when the rich gold deposits of Australia and Califomb first be* 
known, that the value of this metal would bo rapidly and largely 
(L (7orcr:uncnts were advised to c\iaA^<& ^Xtf^ «i(a2Qi^ax^iSi 
2J 
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vaJuQ from gold to lilver, anil fuadbolden and othen who « 
roeeipt ufa fixed moni^y iuuoiue were greatly akLrmeU at tbe pi 
of a general riae in prices. All were ready to admit that these iri 
(lent pradLi:tioaa have not been realized, Ibr the depreciation in ll 
rilut! of goli] caoaoC as yet have been very marked, since tlio higUe 
financial authorities still dispute whether the netr suppliM of go 
have produced oven a amull atterntion in its value. Mr, Fawce 
then stated that in tbe year 1 848 the aggregate value of the gold t:; 
isling Ibrouihout the world was £560,000,000, and so jreal had he* 
the yield ol gold from Australia and Calilbrnia that, if this prcMi 
yield eontinued. thesti two countries would, in thirty-five yeam, pp 
duL-e void ei[ual in value to the entire quantity which provioui 
emleo. Previous to 1848 the entiro annual production of goldd 
not exceed £<!,0U0,000; the amount yielded by Australia and C "' 
nia hail been in ui^ny years four timcK ua great as this, and th 
it was very iiatui'ally supposed that gold must be depreciated it _^ 

A large portion ot' these new supplies of gold were sent to Eoglaod 
and here it was necessary to employ it in ona of the three fbUowiq 
ways: — 1. In arts or manufactures, i. In increasing gold currenei 
8. In red-lporting the gold to foreign conntries. The amount of gol 
employed in arts or minufaetures is so small that this source of abs- "^^ 
tion may be neglected in comparison with the remaining two- 
stated that the gold coiuo^c of Great Britain was increased fl-^^ 
I848-5e by £30,000,000. Mr. Fawcett then proceeded to expbj 
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tlty of money in circulation, and he afErmed that, if the population su 
wealth of a country increased, the value of gold must nse, or, in otli 
words, general pnces must decline, unless an iiicreased anount ( 
money n brougiil into circulation. A great portion of the buyin 
and selling of the couotry is, however, carried on by checks, bills < 
exchange, and various other instruments of creilit, which serve ) 
substitutes for money. The extended use of these substittitci fl 
money of course supplies the place of a metallic currency, and tber 
fbre it is almost impossible to arrive at a conclusion whether or n 
tbe £30,000,000 added to the British gold coinage in 1 856 wa« rat 
cienl to preserve a uniformity in the valne of gold, while tbe populi 
tion and wealth of the country was increasing so rapidly a '" " 
during those years. In the first place, the amount of this increaM < 
wealth cannot be ascertained; and, secondly, some of the subetitoU 
fbr money may be more largely used. For inEtancc, many tratUq 
transactions, in which money was formerly used, arc now carried <l 
by checks. Mr. Fawcett next inqoired whether a comparison of | 
eral prices now with what they were previous to 1848 would moi 
accurately ascertain than the method Just alluded to whether or d 
the value of gold has been depreciated. When this compariian wi 
miule, they were at once perplexed by obsening that Ibe price o 
many commodities bad declined, whereas the price of others ha 
risen. But these changes in price could be accounted for indepci 
dantly of anpr change in the value of gold. For instance, many mam 
factured articles bad become cheaper because improved method* g 
proJuctiou had been introduc^ed, and, on the other hand, meat a 
idncA had becoms dcaccT \n ccxiwio^^^ca <>'!. "^Hi 
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demand of a larccr population. It was, tlicrcforc, proved that tho 
depreciation in Uic value of gold could not as yet have l)een very 
marked, since it was not evidenied by a decided efiect on gencrju 
prices. From this negative result a most important conclusion could, 
however, be deduced, tor it was evident if the large supplies of gold 
had not depreciated the value of this metal, that then its value must 
have been greatly and rapidl^r augmented if these supplies had not 
been forthcoming. The great increase in British trade and oonmierce 
■incQ 1849 showed how largely the wealth of the countr}' had been 
augmented, and if, therefore, more gold had not been forthcoming, a 
great and sudden rise must inevitably have occurred. The con&c- 
qaences of this must have been most disastrous, for the terms of every 
money-contract would be changed. Mr. Fawcett then said the East 
had really absorbed tho ^atcr portion of the a<lditional gold which 
had been produced. Bntish exports both from India and China had 
enormously increased ; largo amounts of capital had been sent from 
Great Britain to India for tho purpose of carrying out public works, 
but British imports from those countries, especially China, showed no 
corresponding increase. The consequence of this was that the bal- 
ance of trade was so largely against Great ]Vit:iin that an amount 
of specie varying from £10,000,000 to £14,000,000 had for somo 
years been annually exported to the East. The ])rincipal portion of 
this specie had been silver, and the silver had been to a great extent 
supphed from the currencies of France and other countries. Gold 
hafl taken the place of this silver, and therefore the East had caused 
a large portion of tho additional gold to l>e absorbed. Ko one could 
confidently predict how long Eastern trado might continuo as it is 
DOW. Tlie Chinese might some day prefer to iin{)ort manufactured 
goods instead of being paid by us in specie. If such a change oc- 
curred, the export of specie to the East would cease, and then, no 
doubt, such an amount of gold as we had been obtaining from Cali- 
fornia and Australia could not be absorbed in Europe without a depro- 
ciation in its value. Mr. Fawcett, therefore, concluded that, although 
the balance of evidence was, on the whole, in favor of the opinion 
that the value of gold would not for a long time be depreciated, yet 
mch a depreciation might very possibly occur, and theretbre prudence 
would dictate that it should, as far as possible, be considered in making 
any permanent arrangements which mvolve fixed money payments. 

TUE SALT SPRINGS OF MICHIGAN. 

On the 20th of fTune, 1797, the first leases were cranted for the 
m.mufacture of salt at the Onondaga Sprinprs, in New York, and sinco 
that time, and to the close of the year 18G0, 130,737,107 bushels had 
been produced. Within a few years past a new and powerful rival 
to this, as it were, monopoly of production, has been created by tho 
discover^' of tho existence of extensive saliferous rocks in Michigan, 
a discover)' mainly due to the labors of Prof. AVinchel, the State Go- 
ologist. Ill regard to tho origin and position of these deposits, ProE 
W., in a recent conununiration to SUhmnn*s Journal^ says: — 

•* The perfectly dish-shapi>d conformation of the strati of the lower 
pemoMuU of Michigan has prevented the escape to ^^i(^ ^ea^ t& tnc^ 
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toiable substances as were orieinaDj embraced in the marine deposHi 
from which the rocks were rormed. Were there any point in the 
margin of one of these rocky basins lower than its. cental portions, 
chance for escape of all its soluble contents would have existed ; and 
it is doubtful whether in such case brines could have been retained 
to the present day, in any considerable quantity. Our subterraneaa 
peninsula basins are comparable with the superficial basins in which 
the salt lakes of the world are located. Neither class of basins has 
an outlet. The ba«n of Lake Superior was once filled with water as 
salt as that of the Great Salt Lake. Both have received accessions 
of fresh water * but while one has been drained by an cfiiux which 
has continually carried away some portions of the chloride of sodium, 
the other has been drained only by evaporation. The salinentss of 
one has been reduced almost to an infinitesimal quantity ; that of the 
other is unimpaired, if it has not actually been strengthened by the 
loss of more water than it has received." 

The subterranean salt-basins of Michigan are three in number, and, 
unless all geological indications are fallacious, they contain the mosl 
abundant and accessible salt deposits upon the North American con- 
tinent, east of the Mississippi. The principal basin extends from 
Grand Rapids, in Kent Count}', to Sanilac County, and to an un- 
known distance toward the north. ^ IrVithin this distance,** says the 
State Greologist, '^ the area covered by the coal measures may bo takei 
as the area underlain by the saliferous strata of maximum productive- 
ness." These strata are made up of a remarkable series of sali-bear> 
ing shales, with intercalated beds of gypsum and limestone, and with a 
manimum thickness, according to the authority above quoted, of 184 
fS^et. The principal salt wells of Michigan are now located in the Sagi- 
naw Valley, and their present annual product is upwards of 2,000,000 
bushels per annum ; a growth in twoycars equal to that attained to 
by the Onondaga Saltworks of New York in 1834, thirty-eight years 
after the salt springs had passed under the superintendence or the 
State. Such, moreover, is the strength and abundance of the brine 
furnished by the Saginaw wells, and the cheapness of fuel, that ft 
barrel of salt can be made for sixty-fbur cents ; while the cost of tke 
same at Syracuse, New York, is at least ninety-five cents. 

The annual consumption of salt in the United States for the year 
1859 was estimated at fifly-two and one-half pounds per capita^ or 
in the aggregate about 30,692,000 bushels. Of this amount not 
quite fifty per cent, is of domestic manufacture, — the balance being 
an imported article. In 1858 the amount of ssJt received in the city 
of Chicago was 333,988 barreb, a fact whirh at once indicates the 
importance of the salt trade of the United States at the West. 

GEOLOGICAL SUMMARY. 

Sulphur from Sicily. — The exportation of sulphur from Sicily, 
during 18G0, amounted in the aggregate to 1,794,593 cwts., of which 
C48,141 cwts. went to England, 525,970 to France, 96,462 to Hol- 
land and Belgium, 154,436 to Naples, 3,620 to the rest of Italy, 
d8,38^ to Greece, 196,694 U> Am&tk&> 110,^79 unknown dcetinatioD. 
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Producii&n of Copper, — The Lckt Superior Mining Jownal gives 
the following infonnauon respecting the production of copper: — 

" In 1830, the total productionii of the copper mines of the world 
wa9 about 25,600 tons of metal, and of tbid amount Great Britain 
nrodoced 13,200, or more than fifty per cent of the whole, while the 
United States and Canada furnished but fifty tons, or two-tenths of 
on« per cent The Russian Empire then produce<l nearly 4,000 tons; 
the Anstrian Empire 2,150 tons; the whole of Asia some 2,500 tons. 
In 1853, twenty-throe years later, Britain had only increased her annual 
product to 14,600 tons, her pjerccntace of the whole amount receding 
to twenty-six; while Chili, in South America, which in 1830 only 
yielded 200 tons, had raised her product to 14,000 tons, or over 
tweuty-five per cent of the total production. From that period for- 
ward to the present time, tiie copper production of the Chilian mines, 
we believe, exceeded those of any other country ; the value of their 
exports in that metal alone amounting to $10,760,000 in 1857, while 
the value of British mine products for the same year was worth about 
$df&00,000. The Russians had increased the yield of their mines to 
6,600, or eleven and three-fourths per cent, of the whole ; the Aus- 
trians 8,800 tons, or six per cent.; tno whole of Asia only 8,000 tons, 
or five and one-half per cent ; while the United States and Canadas 
raised that jrear 2,000 tons, or over three and one-half per cent, of 
the total products for that year, which were about 65,700 tons ; Aus- 
tnli* ana New Zealand produced about 8,000 tons; Cuba, 850 tons; 
Scandinavia, 2,000 tons^ the German States* 1,450 tons; and the rest 
of Europe, exclusive of the countries above named, 1,000 tons. 
During the past ten years the mines of Lake Superior have probably 
increased tneir production more rapidly than those of any other 
country, the exports for 18G1 — 7,500 tons of metal — being about 
tw^ve times greater than those of 1851." 

Texfure of Copper. — M. Vivian, of France, some time ago showed 
that manulactured copper always has a porous and cellular tc.Kturo, 
whilst native copper is always cr^'stalline. Now he proves that the 
native copper from Lake Superior is neither crystalline nor cellular, 
bat dense, ductile, and fibrous, as though it had been violently com- 
pressed when cold. AVhen melted it however takes the structure of 
all manufactured copper. — Cosmos. 

Immense Mass of Copper, — During the past year another immense 
mass of metallic copper has been discovered in the Lake Superior 
district, in the vicinity of the so-called Mesnard Mine. Little of the 
mass was above the surface when discovered, and that little was so 
covered by moss and small underbrush as to hardly attract attention. 
Upon being uncovered, and the soil n^moved from around its sides, 
traci'S of Indian workings were found, — pieces of charcoal, and half a 
dozen stone hammers, were taken out; and the eastern end of the 
mass shows plainly that a portion has been broken off. Tlu avera^ 
dimensions, says the Lake Superior Mining Journal, avQ, — length, 
fifteen feet seven inches; width, three feet seven inches (it is full 
five feet in one place) ; thickness, one ibot six inches ; giving 87,135 
cubic feet. All these mea<«urements are rather under than over the 
average, and give a weight to the mass of nearly twenty-seven tons. 

Tho immrtm^ weight of this boulder of eopnt^r naXus^^ \iM'^^>^^'vV^% 

23* 
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that its source or vein was not far distant, search was made, and 
resulted in the discovery, about forty feet distant, of a vein of metal- 
lic copper of huge dimensions. At last accounts, this new wonder 
had iKicn stripped some five feet in breadth for a length of twelve 
feet, and three thick, with no indication of growing less at any point. 

Canadian Pleistocene Fossils and Cnmate. — Prof Dawson, in a 
paper recently published in the Canadian Naturalist^ gives a more 
complete list of the fossils of the drift in Maine, Canada, Labrador, 
etc., than has been before presented, and makes some interesting 
deductions from them in regaixl to the physical geography, climate, 
etc., of that part of the North American continent during that period. 

From facts now given, and others before reported, the conduction is 
unavoidable, that a far greater degree of cold prev2ul?d during the 
Pleistocene epoch than at present. The causes of this difierence of 
climate Prof Dawson finds in great recorded changes of level, and in 
the different distribution of land and water ; during the cold period— 
as he infers — the relative proportion of dry land surface in the arctic 
regions to that in the temperate zone having been considerably great- 
er than now. 

Fossil Fishes of North America, — Dr. Newberry, in a commanica- 
iion to Silliman*s Journal, on the above subject, states that, up to the 
present time, we have no evidence that many of the most character- 
istic genera of fishes of the Devonian rocks of the Old World, sock 
as the Asterolepisy CoceosteuSy CephalaspiSy Osteolepis^ AcanlkodMf 
Cherolepisy etc., ever had any existence in America. 

The evidence on this point is of course as yet only negative, and 
ma^' all be soon reversed, out it is nevertheless rather remarkablo that 
while most of the Devonian molluscous genera and many species are 
common to the two continents, the fishes, so far as known, are all 
specifically distinct, and the larger part of them generically different. 

Land Animals in the Coal Measures of Nova Scotia* — Dr. Dawson, 
in a communication to the Journal of the Geological Society, London, 
states that he has recently obtained numerous additional animal re- 
mains from the cliffs of the South Joggins, Nova Scotia, among them 
some reptilian skeletons, one of which, the Dendrerpeton aetMianwm^ 
ho considers the most perfect carboniferous reptile hitherto discov- 
ered. These were obtained from a tree trunk fossilized in situ, and it 
also contained, amongst other treasures, many remains of insects, the 
most interesting being a compound eye, with the facets perfectly 
preserved. 

Interesting Fossils. — The recent fall of a cliff near Hastings, Eng- 
land, has brought to light an interesting slab of stone, bearing on its 
surf^ice the clear impression of the foot of a gigantic bird. It has 
three toes, each of which is about nine inches long in the tread, with 
a claw at the end, of perhaps two inches in length. The back of tho 
foot, Avherc tho three toes meet as in a centre, does not appear ; that 
part of tho foot did not reach th-5 ground. But still furtlicr back is 
the mark made by tho point of the spur, or fourth toe. Fr:ni tho 
point of the middle claw to tliis mark of the spur it measures twenty- 
four inches, and in width twenty inches. The whole of the slab ij 
covered with the linos of r\pp\e madc^ "Vi^ Vm^^^nq,'* >\^u soft mud; 
Afld there are numerous other uni^T^asAon&^is^'t^ ^stVs&^^tSs^v^^^ 
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bird's clawi on other slabs of stone. The bird which has left us 
this ibotprint may be supposed to have been at least twelve feet high, 
and ixsrhaps much more. The strata ra which these fossils occur are 
referred to the middle diyision of the Wealden formation. 

LoMi Ape in Europe. — A recent Enelish writer makes known the 
interesting fact that only four individuals of the Barbary ape (Innue 
Sjfhanus) now exist on the rock of Gibraltar. Ho proposes, with the 
intention of obviating the extinction of this species in Europe, to in- 
troduce a number of apes from Apes Hill (Mount Abyla), on the 
Moorish side of the straits, and to preserve them rigorously under 
severe penalties to be enforced against those lovers of Fport who may 
shoot them. This ape, perchance the last representative of a fauna 
which united the present animal populations of Africa and Europe 
during the later Pliocene age, has now reached the utmost limit to 
which a species can attain, and is succumbing to the same extinctive 
influences which are rapidly causing the extirpation of the lion on 
the slopes of the Greater and Lesser Atlas. 

Dieeoverp of Microscopic Organisms in Palaeozoic Rocks, — Dr. M. 
C. White, m a communication to SilUman's Journal, shows that many 
of tlie homstono nodules found in the Devonian and Silurian rocks 
of this country abound in organisms referable to the Desmidios and 
DiatomacesB, with numerous spicula of sponges and fragments of the 
dental apparatus of Gastcropods. These observations are of ereat 
interest to the geoloffist as well as the microscopist as thcv carrv back 
to a very early epoch forms of lifo which have hitherto oecn looked 
upon as belonging only to a much more recent era in the lifo of our 
ptamet. The extreme abundance of honistonc nodulei in one palsBO- 
xoic limestone will render it easy to multiply observations m the 
new field of research ; and it should be remembered by those who 
undertake such examinations, that the use of turpentine renders the 
chips of chert rimost as transparent as glass. — Siiliman's Journal. 

different Ages of American Gold Deposits. — At a recent meeting 
cf the Boston Natural History So(riety, Mr. Marcou stated that the 
gold of the Atlantic coast was of another formation from tliat of 
Califiimia. The slate of Nova Scotia was metamorphic Taconic 
rock. There had been found in North Carolina bods of red sand- 
stone containing gold washed into it during its formation, showing its 
existence previous to the formation of the latter. ^ In California the 
quarts gold-bearing veins seldom occur in the slate itself. Wc appear 
to have in America gold of two different periods. In Australia the 
gold is entirely of the drift period, while that of the Atlantic coast is 
of anterior date. 

Gold of Australia. — At the International Exhibition, London, 
18G2, the total mass or bulk of the gold exported from Australia from 
1851 to 18G1 — ten years — was represented by a gilded truncated 
pyramid, ten feet square at the base, and forty-two feet high- Theso 
dimensions in solid gold were equivalent to 800 tons or 520,000,000 
of dollars ; which is the exact amount transmitted from Australia during 
the time above mentioned. 

Coal Production of Pennsylvania. — The Philadelphia Ledger gives 
the production of coal in the State of Pcun&Yl^'*)^^^ f<)P 1802^ sjL 
8^^^73 tons, of which 7,481,718 were antWa^WA^ 
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- Assodation of Granite with Tertiary Strata. — At a recent ineel* 
ing of the London Geological Society, Mr. J. G. Hawkins stated 
tiio existence ef a granitic formation in the Island of Jamaica^ which 
pierces both rocks of the carboniferons series, and also well character^ 
uod tertiary strata ; wherefore, Mr. H. has no donbt that the age of 
the granite is tertiar}-. 

Volcanic Condition of Vesuvius, — At the meeting €lt the British 
Association, 1862, Dr. Daubeny stated that Yesuvias aj^ars dur- 
ing the last few years to have entered upon a new phase of action. 
Its eruptions are more frequent but less violent than they were for- 
merly ; they proceed from a lower level than they did at an earlier 
period, and tney give gaseous principles, such as the vapor of naph- 
tha and light carburetted hydrogen, never before detected. The ust 
eruption caused an elevation of the coast to the height of three feet 
seven inches above the level of the sea, which has not been observed 
on any preceding occasion. Dr. Daubeny suggested that Vesuvius 
was passing into the condition of a mud volcano, the prodoets issuing 
from it being simply owing to the addon of volcanic heat on the con- 
tignoos beds of Appenine limestone containing bituminous matters ; 
hence the carbomc acid and carburetted h^rogen and naphtha 
vapor emitted, which were to be regarded as mere secondary pro- 
ducts, to be distinguished from the muriatio and sulphurous vapors 
indicating primary volcanic action. 

Influence of Water on Volcanic Action. — In a paper recently read 
before the French Academy, by M. Pissis, the author stated that it is 
generally believed, in those districts of South America which arc most 
subject to earthquakes, that these disturbances occur during the rain^- 
season, and up to the period of drought. During twelve years of his 
own residence on the spot this theory has held g^xl, and the years of 
most violent rain were distinguished by a greater number of earth- 

auakes ; and he adds, that if we consider that during *the wet season 
lie Andes are covered with a dense bed of snow, wmch is perpetually 
melting from contact with the soil, it wiU be obvious that an extensive 
infiltration must take place ; so, if there exist any fissures communicat- 
ing with the interior, largo quantities of water may be brought into 
contact with incandescent matter, and thus occasion very poweHul 
disturbances. 

Age of the Delta of the Mississippi — Messrs. Abbot and Hum* 
phrevs, in their elaborate work on the Physics and Hydraulics of the 
Mississippi, recently published by the United States Grovernment, 
assign four thousand four hundred years as the approximate age of the 
Mississippi since it assumed its present condition of a deltanforming 
river, and state tbeir reasons for oclieving that it existed before this as 
a clear stream. They consider that the original mouth of the Missi:^- 
sippi was near the present efflux of Bayou Plaquemine^ and that, con- 
scciucntly, its advance into the Gulf has been about 220 miles. The 
present rate of advance of the mouth is about 262 feet per annum, 
whicli will not probably be exceeded hereafler. 

The Ancient North American Continent. — Mr. E. IJull, of the 
Gcolo^cal Survey of Great Britain, is of the opinion that the source 
oftho sediments which compose tW eax\>OTaWo\>&T^yiV&^ Great BriU 
^ was ii\ an ancient ^orth AtXaatAC <:«aV«i^XLV^tec ^^laa ^i^\»&s^4L 
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wliicli Ljell, Godwin-Austen, and others, have argued ; and he infers 
ihk/^ the sliares of this Atlantis, composed principally of granitoid or 
metamorphic rocks, were washed on the west side by a current run- 
ning south-west, which drifted the sediment in that direction ; and, on 
the other, bv a current running south-east, which carried sediment over 
the then submerged British area. 

Moihrn Elevalion of Land in Scotland, — At a recent meet- 
ing of tho Loudon Greological Society, Mr. A. Geikie, of the British 
Geological Sun'ey, presented evidence, recently obtained, which tends 
to show that a '* portion of the coast of the Firth of Forth has been 
elevated not only within the human period, but even since the first 
yean of the Roman occupation." Alter alluding to the position and 
nature of the raised beach which, at the hcip^ht of from twenty to 
thirty feet above the present high-water mark, iringes the coast-line of 
Scotland, the author proceeded to describe the works of art which had 
been (bund in it. From their occurrence in beds of elevated silt and 
sand, containing layers of marine shells, it was evident that the change 
of level had been effected since the commencement of the human 
period. The character of the remains likewise proved that the eleva- 
tion could not bo assigned to so ancient a time as the Stone Period of 
the archsBologist. The canoes which had from time to time bucn 
exhumed from the upraised deposits of the Clyde at Glas^w clearly 
showed that at the time when at least the more finished of them were 
in use, the natives of this part of Scotland were accjiiainted with the 
nse of bronze, if not of iron. The remains found in the correspond- 
ing beds of the Forth estuary likewise indicated that there had been 
an upheaval long after the earlier races had settled in the country, 
and that the movement was subsequent to the employment of iron. 
From the Firth of Tay similar evidence was adduced to indicate an 
upheaval possibly as recent as the time of the Roman occupation. The 
author then cited several antiquaries who from a consideration of the 
present position of the Roman remains in Scotland had inferred a con- 
siderable change in the aspect of the coast-line since the earlier cen- 
turies of the dnristian era. Ho pointed out also several circumstan- 
ces in relation to these Roman relics which tended to show a change 
of level, and he referred to the discovery of Roman pottery in a point 
of the raised beach at Leith. The conclusion to which the evidence 
led him was that since the first century of our era the central parts of 
Scotland, from the Clyde to the Forth and the Tay, had risen to a 
height of firom twenty to twen^-five feet above their present level. 

A FEATHERED FOSSIL FROM THE LITHOGRAPHIC LIMESTONES OF 

SOLENHOFEN, GERAKANT. 

Notwithstanding the numerous imprints of feet, resembling those of 
birds, found in mesozoic strata, only two unchallenged discoveries of 
reputed bones of birds have been made in deposits older than the 
lowest tertiar}'. The first of these is the Cimoliornis diomtdeus^ a 
long- winged bird from the English chalk, described in 1840 by Prof. 
Owen, from a leg and wing-bone which ho considered to have be- 
longed to " one ot the longipennate natatorial birds, cc[ualling in size 
tho albatrods." Xho le^na recorded discovery of bud remains ia 
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mesozoic rocks is noticed in the snpplement to tlie fifth edidoo of 
Ly ell's *^ Manual of Geology,** 1859, as baring been made in 1858 in 
the Upper Greensand, near Cambridge, England. The Inrd in this 
instance was rather larger than the common pigeon, and probably 
bjlouged to the order naiaiores, and, like most oi the gull tribe, had 
well-dcvcloped wings. 

In do.posits of the tertiary age, the remains of birds are not uncom- 
mon. The British Museum contains specimens from nine localities in 
Fi*cnch and English Eocene and Miocene deposits, and has also the 
remains of a largo bird from the Sewalik Hills of India ; casts of the 
bones and egg of the ^pyomis from Madagascar, and the entire 
skeleton of the Dinomis, and yery numerous separate bones of this 
genus and Palaptcr^x from New Zealand. With the two exceptions 
of the Eocene slate rocks of Claris, in which the almost entire skele- 
ton of a small passerine bird, about the size of a lark, has been 'dis- 
covered, and the gypsum quarries of Montmartre, whore two or throe 
connected skeletons of different species of birds have been found, 
these remains consist of detached bones or fragments only, or of cffgs 
(from Auveigne) or feather impressions Tirom Aix and Bonn). In- 
deed, the whole collection of OmithoUtes known could be displayed 
in a single table-case of ordinary size. 

This, of course, is exclusive of the great New 2^1and and Mada- 

fascar wingless birds, the Dinornis and ^pyomis, the Notomis and 
'alapteryx, which, like the Podo and Solitaire, have perhaps all been 
exterminated by the agency of man, or within tho historic period. 
Wlicn we compare this dearth of evidence in the geological record 
with the vast numbers of species of living birds (very partially illus- 
trated by the collection or stuffed examples in the Omitholqgical 
Gallery of the British Museum), wo cannot but ask the question, — 
Why are no fossil birds found in strata in which remains ot other ani- 
mals frequently occur, which at first sight appear as little likely to 
have been preserved as the bones and feathers of a bird ? Sir Charles 
Lycll remarks, that " the powers of flight possessed by most birds 
wou! J insure them against perishing by numerous casualties to which 
quadrupeds are exposed during floods." And again, ** If they chanced 
to be drowned, or to die when swimming on the water, it would 
scarcely ever happen that they would bo submerged, so as to become 
preserved in sedimentary deposits." 

That they can be readily preserved under &vonible ciFComstances 
is proved by the fine examples found at Montmartro and Glaris. 

Quito recently, however, there has been discovered in the well- 
known lithographic limestones of Solenhofcn, near Munich, Germany, 
the remains of a most curious feathered animal, the exact nature of 
whith geologists are not as yet fully agreed upon, but which Prof. 
0\7cn IS incuned to regard as a bird. The ago of the lithographic 
limestones of Solenhofen is supposed to be that of the Lias, the forma- 
tion being of marine origin, and abounding in remains of cuttle-fishes,' 
ammonites, Crustacea, fishes, and also of winged insects and pterodac- 
tyls. From tho immense demand for this stone for lithography, the 
quarries are as extensive as any in Europe. Tho quarrymen work 
upon the lines of stratification, which arc beautifully parallel, and all 
tho foMails SLTQ found upon the uatura\%ut^«^'^T«i«Q&aa^«xviiii^p!«»- 
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Kan and coanterpart in afanost oveiy instance. The feathered enigma 
in question presents precisely similar appearances to all otiicr in- 
cluded orgamc romaiDs, being imbedded upon the surface of one layer, 
and impri'ssed in intaglio into the one overlying it, which boars not 
on\}r the cast, but portions of the bones upon its surface. The fol- 
lowing is a description of the remains, as thcv now exist in the British 
liuseum, for which it was purchased: — The skull, neck, and both 
hands aro wantins, but all the dorsal vertebrsB belonging to the tail 
are well presenrcd. The humerus and fore-arm, consisting of a radius 
and ulna, are present on both sides. The i)clvis, more like that of 
a pterodactyl tnim a bird, is imperfect, the right side only remaining. 
The thigh-bone is showy but not long, and the shank not perceptibly 
divided into tibia and fibula. The tarsus consists of a single power- 
ful bono shorter than the shank, and having its lower extremity 
widened, and bearing three articular processes to which as man v toes 
are attached. The latter are of moderate length, and armed with 
strong hooked claws. These may have been used for clinging, like 
tboae of the pterodactyls and bats, or as offensive weapons, like the 
fighiing spur with which the wings of the spur-wingcd goose of the 
(Sipo and Central Africa, and some others, are armed. 

The "merrythought," or furculum, is seen lying between the wings. 
The ribs, small and unbira-like, are detached, and scattered on &e 
•iir&ce, as if the head, neck, breast, and body had been torn off or 
eaten out by some other bird of prey or small carnivorous animal, 
wandering at low water upon the estuarine fiats bordering that 
ancient oolitic aea. 

Except to the comparative anatomists, these singular remains might 
present nothing striking, were not the anterior limbs and tail covered 
with feathers, which have left their impressions in well-marked lines. 
** From the sliort, broad bone which lies close to the extremity of each 
Ibre-ann there issues a radiating fan of feathers, by which two feath- 
ered winsrs are produced, having their external outline cur\'ed like a 
bow." The tail is also feathered, but the feathers are shorter than 
those of the wings. The hind limbs seem well adapted for hopping, 
mnnin^, or perching ; and the wings (which evidently were adnptcd 
lor flight) must also have received support in proportion to their size 
from the body of the animal. 

The vertebrro of the tail are twenty in number, and are of a nar- 
row, elongated form, the dimensions of which slowly but constantly 
diminish, so that the last is the smallest. The feathers of the tail are 
attached in pairs to each vertebra throughout its entire length. It is 
in the form and number of the caudal vertebnc, and the arrange- 
ments of the tail-feathers, that the great and striking peculiarity of 
this remarkable creature lies. 

In all recent birds we find the tail very short and powerful, 
composed of vertebraj varying from five to nine in numlH-r, having 
tpinoujf processes on their upper and under side, and the lusl vcrti bra 
very peculiarly formefl, and, with few exception?, afwat/x tic iarr/ett. 
To this last joint all the tail-feathers in living biidjj «re nttachcfl, and 
on it we find that peculiar oil-gland to which the bird applies its beak, 
and so anoints and renders waterproof every ft^ather or its body. 

Taking into consideratjon the remarkab\a drr«t^^^\pHnKB»a4V( 
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the tail of this fossil creature from all known birds, and also tho anti- 
quity of the formaiion iii whicti it occurs, we may at least safely infer 
that (if it bo a bird at all) it represents perhaps one of tbo veiy 
earliest examples of its clats. And this seems the more consistent when 
wo consider the analogous thanfire which has taken [dace in the class of 
fishes. For in the oldest fossil Ssh we find the same curions elongated 
tail (seen only iu the sharks and sturgeon of the present day), in which 
tho vertebral column is prolonged into tho upper lobe of the caudal 
fin, forming tho characteristic feature of the Heteroeereal fislics. 
Wliercas in the almost universally-prevailing type of modern fishes 
the tail-fin springs from the last joint of tho vetebnd column, giving us 
the order of Homocercaly or even-tailed fishes. 

That the feathers are real bona fide feathers like those of a bird, 
teems to be placed beyond all doubt by the evidence of tho impres- 
sions of both wings and tail, descending, as they do, to microscopic 
exactness. It has been suggested that a creature furnished with such 
feathers must have had a beak to keep them in order with. 

Among the flying lizards of the Solcnbofen slates is one deacribcd 
by U. Von Meyer, under the name of Rhampharhynchus, as having 
** the fore part of each jaw without teeth, and probably incased in a 
horny beak; but behind this edentulous portion there are four or ^\e 
large and long teeth, followed by several smaller ones. The tail lon^y 
stiff, and slender.'* Such a flying reptile might have been endotctd 
with feathers, in which case the toothless portion, incased in a homy 
beak, would be well adapted for pluming and cleaning its wings and 
tail. 

Such is tho present state of the evidence. There is nothing in this 
i^s6ll which elucidates the origin of the bird-tfacks of Connecticut^ 
altliou";h perliaps contemporaneous with them. 

Professor Owen decidedly inclines to the ojHnion that this cnrioos 
creature is a bird, but many very distinguished naturalists, who hava 
carefully examined it, have professed themselves unable to come to 
any such positive conclusion. 

FREHISTORIC MAN. 

Since the attention of the scientific world has been attracted to the 

discoveries of M. Boucher de Perthes in the gravel-beds of Amiens 

and Abbeville, of France, facts connected with the early history of 

the human race have continued to turn up, and now show themselves 

iu a very diflercnt light from that in which they were formerly wonfc 

to be viewed. An interesting discovery is noticed in a late number 

rf tho Itevue Archeologique, made dunng the summer of 18CI, near 

"" ion, in France, in the department of the Aisne. In this locality 

;d of lignite is worked for agricultural purposes. This lied lies 

lie foot of a small hill of the tertiary epoch, at the base of which 

UP argillaceous strata alternating with the lignite. Above aro 

-* masses of sand, including some layers of shells, and over them 

argillaceous beds, while the top of tho hill is composed of 

orossier, Tho lignite bed is reached by subterraneous 

ch run in different directions beneath the hill, some tQ 

•i^9; It U abgiult Vug la^trti^ \V^v\v ^^Tw\jasM^\x«»t ul thick- 
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Hess, and is coycrcd hy a marly and sandy s tralum fall of fossil shells 
(Cifrena cunei/hrmU, Ostraa bellovacina, etc) In August last tho 
irorkmen ckcovered a small ball x>f chalk lying at the top of tbo 
lignite bed, and touchinff that which overlies it. This ball, about six 
centimetres (two inches) in diameter, attracted attention by its Fym- 
metrical shape, and, on being carefull3r examined, seemed to present 
crtdent manes of human workmanship. It seems impossible to ar- 
rive at any other conclusion than that it was formed and deposited in 
the place where it was found previous to the superposition of the fossil 
bed upon the lignite. This discovery, if substantiated, would carry 
b^'k tne existence of man to an early period in the formation of the 
great Paris tertiary basin. It is recorcied that a flint axe was found 
Ibrty years ago in the middle of a bed of the same lignite, worked 
near U&e village of Liez, canton de la F6re, in the department of tho 
Aisne. 

It win be remembered that a human skull, of a very curious and 
abnormal shape, was discovered, about two years since, in a cave in 
the province of Liege. (^See Annual Scien. Dis. 1862, pp. 363-365.) 
H. Malaise, a Belgian palteontologist, exploring in the same province, 
has recently discovered certain fragments in a cave at Engihoul, which 
are valuable as evidence. The cave contains a bed of porous and 
pebbly nit, varying in thickness from two to three feet, under which 
lies a iajer of stalasmite less than two inches thick ; and it was while 
examimng the soil beneath the stalagmite that the fragments in ques- 
tion were found. They consist of portions of two lower jawbones and 
three pieces of skulL In each jawbone the last three molars remain, 
all but two of which are much worn, and one is decayed. The pieces 
of skull are identified as fragments of the occipital and parietal bones; 
one of the latter is remarkably thick (eight millimetres). Pains were 
taken at the time of the discovery to oracrve that in their color, de- 
gree of decomposition and position, the human bones were in no way 
to be distinguished from the other animal remains which were confu»- 
^T accimiulated under the stalagmite. 

Additional evidence bearing upon the existence of man prior to the 
totalled drift period has recently been obtained by M. Lartet, a 
French geologist, in the south of France, on the 'head-waters of the 
Garonne. 

Some ten years since, in Aurignac (Haute Garonne), in the Ar- 
rondissement of St. Gaudens, near the Pyrenees, a cavern was discov- 
ered in the nummulitic rock. It had been concealed by a heap of 
fragments of rock and vegetable soil, gradually detached and 
accumulated, probably by atmospheric agency. In it were found tho 
human remains, it was estimated, of seventeen individuals, which were 
a^*rwards buried formally by the order of the mayor of Aurignac. 
Along with tho bones were discovered tho teeth of mammals, both 
carnivora and herbivora ; also certain small perforated corals, such as 
were used by many ancient peoples as beads, and similar to those 
gathered in the deposits of Abbeville. The cave had apparently served 
as a place of sacrifice and of burial. In 1860, M. Lartet visit<Ml 
the spot. In the layer of loose earth at the bottom of the cave he 
found flint implements, worked portions of a reindeer's horn, mammal 
bones, and human bones in a remarkftbto ttatA qC l^t^WW^tJAu. Iw j. 

24 
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lower layer of charcoal and ashes, indicating the preaeme of man 
and some ancient fireplace, or hearth, the bones of the animals were 
scratched and indtnted as though by implements employed to remove 
the flesh ; almost every bone was broken, as if to extract the marrow, 
as h done by many modem tribes of savages. The same pccnliarity 
is noticed in the bones discovered among the ** water-huts " <k the Dan- 
ish lakes. In this deposit M. Lartet picked up many human implements, 
such as bono knives, flattened circular stones, supposed to have 
been used for sharpening flint knives, perforated slmg^toncs, many 
arrow-heads and spoar-heads, flint knives, a bodkin made of a roe- 
bunk's horn, various implements of reindeer's horn, and teeth beads, 
li\)m the teeth of the great fossil bear (^Ursus spelceus). Remains 
were also found of nine different species of camivora, such as the 
fossil bear, the hyena, cat, wolf, fox, and others; and of twelve of 
herbivora, such as the fossil elephant, the rhinoceros, the great stag 
(Ceruus elephcn^)^ the European bison {aurochs), horse, and others. 
The most common were the aurochs, the reindeer and the fox. How 
savages, armed only with flint implements, could have captured these 
gigantic animals, is somewhat mysterious ; but, as M. Lartet suggests, 
they may have snared many of them, or have overwhelmed single 
monsters with innumerable arrows and spears, as Livingstone des- 
cribes the slaying of the elephant by the negroes at the present dar. 

With reference to the mode in which these remains were brongnt 
to this place, M. I^artet remarks : — *• The fragmentary condition of 
the bones of certain animals, the mode in which they are broken, the 
marks of the teeth of the hyena on bones, necessarily broken in their 
recent condition, even the distribution of the bones and their nsid" 
ficant consecration, lead to the conclusion that the presence of these 
animals and the deposit of all these remains are due solely to human 
agency. Neither the inclination of the ground, nor the surroundinff 
hydrographical conditions, allow us to suppose that the remains eould 
have been brought whera they aro found by natural causes.** 

The conclusion, then, in palaeontology, which would be drawn from 
these facts, is, that man must have existed in Europe at the same tinie 
with the fossil elephant and rhinoceros, the gigantic hyena, the aurochs 
and the elk, and even the cave-bear. This Tatter animal is thought 
by many to have disappeared in the very opening of the Post-Pliocene 
period; so that this cave would, judging from the remaina of Uiat 
animal, have been prior to the long period of inundations in which 
the drift-deposits of Abbeville and Amiens were made. The drift 
which fills tne valleys of the Pyrenees has not, it is evident, touched 
this elevated spot in Aun^nac. 

In chronology, all that is proved by these discoveries of M. Lartet 
is, that the fossil animals mentioned above and man wero contempora- 
ries on the earth. The age of each must be determined inferentially 
by comparing the age of strata in which these animals are usually 
found with the age in which the most ancient traces of man are dis- 
covered, such as the deposits already described in the north of 
France. 

The Fossil Remains of Man. — The following is an abstract of a 
lecture recently delivered on the a\>ov« vub^ect oefore the Boyal In« 
BtUutioBf Lopdoaf by ProL Hnilfty ; — 
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The pur poae of the lectare was to give an explanation of the in- 
terest attaching to two castrf upon tlic table, — th^ one that of a 
■kail, discovered and described by Profc'ssor Schmcrling, from the 
cave of Engis, in Belgium ; the other, discovered b^ ]>r. Fulilortt, 
and described by Professor SchalThauson, from a cave m Neanderthal, 
near Diisseldorf, — the ibrmer being the oldest skull whose age is 
geologicallv definable, the latter the most aberrant and degraded of 
Soman skulls. 

The nature and extent of the cranial modifications exhibited by 
the man-like apes and by man were discussed ; and their modifica- 
tions were shown to depend upon variation in the capacity and in 
the fonn of the cranium, and in the greater or less development of its 
ridges, and in the size and form of the face. The skull of a negro was 
shown. Its breadth was small in proportion to its length, — in 
Ikctf was only six-tenths of it. The skull of a Turk^ on the con- 
tnr}', was in breadth nine-tenths of its length. All skulls come 
under one or other of these classes. Taking eight-tenths of the 
length as a standard from which to classify skulls according to the 
proportion between their length and brccodth, all that have for 
oreadth a less proportion than eight-tenths of the length are termed 
Mickocephalie^ or long-headed ; all that have a greater proportion, 
or even that proportion (eight-tenths) of the length in the breadth, 
are termed hrachycephalic^ or round-headed. 

Skulls which are of the second class generally have the jaws 
orthoffnaihous^ — nearly or quite in a perpendivulur lino with the 
ibrehead. Those of the first class have the jaws prognathous^ or 
more prominent than the forehead. 

II' a line be drawn on a map from the centre of Russian Tartary 
to the Bight of Benin, it will be found that north and east of this 
line the heads are of the brachycephalic type ; south and west of it 
they are dolichocephalic; north and east the faces are orthogna- 
thous ; south and west, prognathous. This, however, is a very broad 
statement of fact. Near these points may be found heads of all vari- 
cties of breadth ; but, as a rule, the round-headed races, Mongols, 
Tartars, Turks (modified Tartars), arc north of this line, and long- 
beaded. Negro races arc south and west of it. 

These great changes are doubtless infiuenced by, and may be in 
great measure caused by, dificrencc of physical condition. So great 
aro the differences, that these points may be called the ethnological 
poles. At the northern end aro cold, barren, treeless plains; at the 
sonthem, the warm, rank fertility of the tropics. As wo go away 
from thes^ ethnological pol<|s, we find, in going from Tartary, tlic 
Chinese become longer-headed and more pi-ognathous ; tho Green- 
landers are long-headed; so arc the Esquimaux; so ni-c the Xurih 
American Indians. In fact, all heads vary as we depart from ihu 
ethnological poles. 

A line drawn from the British Isles, throuirh Europe and Western 
Asia, to Iliudostan, represents the Ethnologiral Equator, along which 
the skulls aro ibund to be oval, 

Tho question arises, whether the same varieties of the human race 
have always inhabited the regions of the earth ki which they are now 
i'TQud. m AusLf in Afiica, all remsini \)haX %s« Itsoasi vb^ ^C 
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races similar to those now dwelling in the countries. In Nvttb 
America, in the valley of the Mississippi, are found, however, tho 
remains of a race entirely dificrcnt from those who now lire there, ~- 
a race whose remains are the great earthworks found in that rt^gion. 

When we come to Europe, however, we find, first of all, oi cry- 
where the remains of the great Roman people. In Northern Europe 
we find the remains of a long-headed people, acquainted with the U90 
of iron, the ancestors of the present Germanic races. These, how- 
ever, were preceded by a race smaller of stature, long-headed, like 
the Hindoos, unacquainted with the working of iron, — workers in 
branzej — and traces of them are found all over Europe. 

But behind thescy and earlier than these, come the remains of an 
earlier race still, — a ruder race, — who possessed weapons of $ione 
ground to an edge. These were a rounder-headed people, — the 
transverse measurement of tlie skull was eight-tenths of the longitu- 
dinal, — but the forehead was flat, the supra-orbital ridges were 
extremely prominent, and the jaws were prominent, though n<tt 
decidedly prognathous. 

At what distance from our epoch was this Stone Period ? It is im« 
possible to state in years. In Denmark, there are vast peat-boss. In 
the upper layer of these are found beech trees, the trees which now 
form tne forests of Denmark ; and in these bogs are found the remains 
of the iron age. Deeper than these is a layer of peat, in which are 
imbedded o€ucs of enormous size, — oaks whose circumference speaks 
of centuries of growth. With the oak trees are found the implements 
of bronze. Deeper yet, is another stratum, in which are found pines, 
showing by their long stems that they have grown up in dense forests 
into which the light could hardly penetrate ; and at the very bottom 
of these pine bogs are found the stone weapons. Under them, again, 
is found peat, in which are found no weapons of any kind, or any 
remains of man. 

It is not possible to make any calculation of the years that have 
elapsed between the stone period and the present day, — the consid* 
eration of the immense length of time which must have been occa* 
pied in the formation of these bogs can alone furnish us with any 
idea on the subject. But before even these bogs were formed there 
was a time when the physical features of the country were totally 
different from what they now are, when the urns and bos primigenius, 
the fossil elephant, hyena, and cave bear roamed over the land. Th« 
question has arisen, was man contemporaneous with these animals ? 
The recent numerous discoveries of stone weapons, chipped to an 
edge, and fossil bones acted upon by instruments, tend to the con- 
clusion that man was coexistent with these animals. The question 
then arises, what races of men? This has been answeriKl by the 
i!Isc'Overy of a well-developed dolichocephalic human skull in a cave 
ut Engis, in Belgium, associated with the remains of the animals 
enumerated above. Since that, a skull has been discovered at Nean- 
derthal, near Diisseldorf, very different, and mu(;h lower in t}'pe than 
that of the Engis cave. It is a flat-topped skull, so much so that 
there was a question whether or not its shape had been produced by 
artificial means, and the supra-orbital ridges are extremely projecting* 
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An interesting qncsdon arises as to the relations vhicb existed 
betireen the possessors of these skulls. Could thcv be all of one 
laee, or were they of entirely different raci^ ? Tlus question was 
settled bj an examination of skulls which belongied to Australian 
aborigines, — the purest existing race of human beings. In a laree 
ooUectioii of these, there were found skulls which ahnost cxaeUy 
matched the Engis and the Neanderthal skulls in actual dimensions, 
and which certainly differed as much from each other in relative pro- 
portion as did these. A remarkable fact is, that the present abori- 
^nal Australians resemble these am* lent people in modes of life as well 
as in development of skull. Like them they use stone weapons ; like 
them they use the bones of the kangaroo, as they did the bones of the 
deer and unu; like them they make mounds of refuse shells; and 
like them they build their huts on piles in the water. 

The Engis skull can, however, be paralleled in proportions even by 
Enj^lish skulls. 

Tar back as is the age of the men who made and used the flint 
implements, still farther removed is that at which must be placed 
the coDunencement of the human race. 

A netd^iscovered British *^Bone Cave,^ — At the meeting of the 
British Association, 1862, Mr. Dawkins gave a description of a newly- 
discovered bone cavern in England, known as the ** Wookey Holt 
Hjfena Den." AAer stating the peculiar features of the den, — its 
amdental discovery, its being filled up to the roof with dtbris, stones, 
and oiganic remains, — he showed the evidence of human occupation. 
In three areas in the cave he found ashes of bone, and cspe<'ially of 
the rhinoceros tichorrhinus, associated with flint and chert implements 
of the same type as those of Amiens and Abbeville, and as those of 
the south-west of England. They were, however, of ruder workman- 
slup, and possibly are of an earlier date. Thisy were found underlying 
lines of peroxide of manganese and of comminuted bone, and over- 
lying, in one of the three areas, remains of the hyena, which mark 
the old floors of the cave. From tliis he inferred that ** man, in one of 
the earlier, if not the earliest stages of his being, dwelt in this cave, 
as some of the most degraded of our race do at present ; that ho manu- 
factured his implements and his weapons out of flint, and arrow- 
heads out of more easily-fashioned bone. Fire-using, indeed, and 
acquainted with the use of- the bow, he was far worse armed with his 
puny weapons of flint and bono than his contemporaries with their 
sharp claws and strong teeth. The very fact that he held his ground 
against them shows that cunning and crafb more than compensated for 
the deficiency of his armament. Secondly, that as he was pre- 
ceded in hb occupation, so was ho succeeded by the hyena. lie 
then gave a brief summary of the organic remains found, comprising 
upwards of 1,000 bones, 1,015 teeth, and 156 jaws belonging to the 
Hon, wolf, fox, bear of two species, badger, hyena, spelxa, ox, deer 
of six species, Irish elk, horse, and rliinoceros of two species. One 
of the latter, rhinoceros hemitoschus, stamps tho date of the cave as 
beloTiging to the pretflacial, while tho rest of the organic remains be- 
long to tno fauna typical of the postglacial period. 

24* 



282 AN^-UAL OF SCIENTIFIC DISCOVERT. 



ANCIENT REMAINS OF MAN IN SWITZERLAIOX 

The fact that on the shores of many of the Swiss lakes rows of 
ttakes may be seen at a short distance from the land, throngh the water, 
emerging from the mud of J^o bed, has been Ions known. 

No interest was, however, attracted to this phenomenon till About 
eight years since. At the end of 1853, the waters of thh Lake of 
Zurich sank considerably, and the tbrlfly proprietors of land on thie 
bank proceeded at once to add to their estates the portion of the lake- 
bed led bare, by constructing permanent dykes against the return of 
the water. While these works were being carried on, a row, or rather 
a system, of stakes was discovered at some little depth below the sur- 
face. Excavations were begun at this spot, and the result was to dis- 
inter a great vaiiety of objects, which proved that a lai^ number of 
human beings had once had their dwellings supported over the water 
by the stakes. Curiosity having been once aroused, researches were 
prosecuted not only at Obemeilen, where the first discovery was made, 
out all over Switzerland. It was gradually established that the mud 
near the shore of every* Swiss lake supplied similar evidence. At some 
primeval period a population of very considerable density was shown 
to have lived in huts constructed on stages which rested on wooden 
supports driven into the bed, just as the Malays in Borneo and the 
Siamese at Bangkok may be seen living to this day. A wonderful 
number of articles pertaining to the daily life of these forgotten races 
have been brought to light. In some places, the materials of the dwel- 
lings have been preserved in the mud — r- the floor of hardened earth* 
and the twisted branches and bark which formed the walls. Arms 
have been discovered in great quantities, tools from saws in flint to 
needles in bone, ornaments, children's toys, the remains of stored-up 
fruits of various kinds, nay, even a cellar or receptacle full of com, 
and a loaf of bread composed of bruised grain, and preserved by car- 
bonization. By the side of these relics are found the bones of the ani- 
mals whom they slew in tho«chase, many belonging to species extinct 
before the rise of history or barely mentioned in it. The nros, the 
bison, the elk, and the braver, furnished them with food and with the 
materials for some of their most ingeniously constructed utensils. So 
plentiful and perfect are the remains found in the lakes that mnch 
more has been learned concerning the daily life and manners of men 
whose existence was not suspected ten years ago, than is known of 
races which have left a famous name in history or tradition. 

It is no doubt startling at first sight that these archaK)logical tr^as- 
W'cs should have been preserved in water rather than on mnd. But, 
now that the mud has given up its contents, it is not difBcult for us to 
understand the service it has rendered. The truth is that the causes 
which help to conceal from us the monuments of our predecessors oper- 
ate with far greater energy on land than in v,'aU.T such as fills the 
Swiss lakes. The i-eason why the relits of former generations are com- 
paratively scarce is not that they are destroyed so much as tliat they 
arc buried. Rubbish and (Just are, in short, the great obsjurers of the 
past. When successive generations continue to inhabit the same spot^ 
each buries not only the bodies but. l\\\i \\\vo\<i M^\i ^ \Va ^t^^eceaaoft. 
'^ome is built on countless strata compoai^ o^ iorcnsc 6^^^:^ vdl^'qk^ ^ 
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HK* destroyed Londoos eupport the London of tbe present m-smcnt 
£reii when a Iowd or village ia once for all descried, the process of 
destroctioD is rapid. Rain and wind luvct the valla, dust is whirled 
into the hollows, buildings melt together, and nothing but a protubei^ 
once on the plain remains to mark the sit« of a Babylon oraNiuevch. 
it, then, this is the fate of cities built in Itone or bnek, it coasee to be 
wooderlul that monuments o'' the older racts who made their dwell- 
ings of wood, or, still earlier, of wattled branches, bIiddM havu alto- 
gether diitappeared on land. Thn interest of ihu Swiss discoveries 
arises from the nutigatiou, in this particular instance, of the destroy- 
ing (brces. The mat<^rials and contents of the huts doubtless sank into 
the Uko from the piles on which thcf rested, and lay on the bottom in 
yi^stinguishable heap. The belief, indeed, of the Swiss anliqua- 
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water into which they fell was still and calm, ft did not wash 
them away, but year afler year deposited over them a coat of mtid, 
infinitely thinner and sofler than the layers of rubbish which cover 
the memoriab of a later time. The bed of each of these lakM is 
known, in fact, from independent observations, to bo slowly rising ; 
and, since the recent discoveries, attempts have been made to calcu- 
late the rale of its elevation, so as to dciive approximately the age of 
the remains from the depth at which they tu-o found. Some I'rag- 
ments of a Roman construction in the lake at Yverdun, of which the 
dsto is known, have supplied the ba^ of a calculation which has cai^ 
ried bock the existence of the most ancient inhabitants of Switzerland 
to fifteen centuries at least l>cforo tlie Christian era. 

The Swiss antiquaries would not be men of their day if they had 
not constructed a minute and detailed history of the race they have 
nnbnried. Their pursuila, their religions and revolutions are boldly 
described by their discoverers. Soberer inquirers will limit conaider- 
ably the number of inferences which may be drawn from the remmns. 
These extinct populations may bo believed to havo been partly ogti- 
cultoral, bat their chief subsistence was duriveil, no doubt, from hunt- 
ing. Tlicy had some regular industrial pursuits, for fragments of rude 
pottery have been found on several sites. That they were engaged in 
perpetual war is tolerably certain from the quantity of weapons Jbund, 
and from the very circumstance of their securing thcnueivcs from 
surprise by building their villages on piles in the water. Certain of 
the monuments seem to have had a relj^us character, aud to betoken 
•ome fctnd of religious belii'f. As to their history, the only cvidoDCO for 
creating it is identical with that which enables us to infer a certain 
progress among all the primcrnl races of Europe. Amon" the extinct 
populations of Switzerland, as in those of other parts of Lurope, there 
w&s an a^e of flint, an a^ of bronze, and an ago of iron. In certain 
Tillsigos.sitnated chiefly in Eastern Switzerland, all the utensilB are of 
flint, faihioQcd by obser>ing the natural cleavage, and the wood used 
bears the marks of the rude tools whi^h hod been long and p^nfully 
employed in cutting it. Other sites contain articles of brouie, and 
the pottery hero found Is la$i rude than that discovered among the 
population of tUo a^fo of llinl; it even p rest- nts some traces of a rou^h 
(B-namcntation. The plcntiiulness of brou«e at such a time and in 
Ait put tf Europe is not a little mnogi. Uotli^ba 'bb. uA'^acb^ 
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per which compoie it most ha^e been brought firom * grMit dttlMicie, 
and their presence singularly confirms Sir G. C. Lewis's theory of the 
anttfjoity of the overland trade from Britain through Ganl, mora par* 



ticolariy as ornaments of coral and amber are (band in Til 
same apparent a^. The last of the eras indicated is that of ii 
Ancient tools and other aiflcles of iron are abundant 
Switzerland, and exactly resemble those found in GaoL 

There is a fair probability that the three ages succeeded eeek 
other in the order in which they are usually placed. It is likely that 
human skill was first exercised on stone, and more than probable 
that the metals earliest used were copper and tin, both of which are 
distinguished for the ease with which they are obtained, pardciilariy 
until the surface supply is exhausted, llic difficulty arising firom tM 
fiK^t of their being found in very few localities is diminished when the 
antiquity of the fade in them is assumed on independent groaadfli 
The uses of iron, the most widely diflfuscd but the hardest to work of 
the metab, might be expected to be last of all discovered by mankiadi 
The heroes of Homer, for instance, lived chiefly in the age of breoaey 
but had hardly entered on that of iron. Whether, so far as Aa 
Swiss races are concerned, the three eras succeeded each other ab- 
ruptly, or melted gradually into one another, is a question which ther* 
is little or no evidence to decide. The antiquaries of Switseiiand lA- 
dst that they can trace two great revolutions. The men of bronze sud- 
denly invaded the country and extirpated the men of flint, to be after* 
wards in their turn extinguished by the men of iron. No doubt matt 
of the villages were violently destroyed when they ceased to be inlia]>» 
ited ; but Tniy attribute to enemies with iron weapons what may quita 
as well have been done b^ foes armed with flint ? In justice, how* 
ever, to the Swiss theory, it must bo added that the men of iron ap- 
pear from their instruments to have been a Celtic race from Gaul, aM 
from the size of their ornaments to have possessed lai^ger and stronger 
frames than the earlier populations. As the Helvetians of history 
are known to have been a Celtic race, they may have been the lA- 
Taders in question, who, after extirpating an aboriginal people, may 
have continued to occupy the country down to Rooum times. 

THE ANTIQUITY OF THB *' STONE,*' ** BRONZE," AKO "I£ON** 

AGES OF EUROFE. 

Some attempts have recently been made by the Swiss arch«ologisCi 
to estimate the duration and antiquity of those periods in the history 
of man which have been respectively designated as the ** Stone,* 
" Bronze," and " Iron " ages or periods of Europe. 

The torrent of the stream Tinidre, at the point where it fhUs into 
the Lake of Geneva, near the town of Vtlleneuve, has gradually 
built up a cone of gravel and alluvium. In the formation of a railway 
this cone has been recently bisected for a length of 1,000 feet, and to a 
depth in the central part of about 32 feet above the level of the rails. 
The section of the cone thus obtained shows a very regular structure, 
which proves that its formation was gradual. It is composed of the 
same materials (sand, gravel, and larger blocks) as are even now 
btx)agbt down by the stream. TUe detrvtMs doe^ Indeed differ slightly 
n yvar to year, but, in iba lon^ xnii^ \}li^ dQfiL«c«Dft«i ^^na^MBsaM^ 
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aaotfier; w that, when considering long periods and the 
•fcmetnre of the whole mass, the influence of these temporary varia- 
tionif which ariae from meteorological causes, altogether disappears, and 
Beed not, therefore, be taken into account Documents preserved in 
the archiTes of Villeneuve show that, in the year 1710, the stream 
was dammed up and its course a little altered, which makes the pres- 
cat cone slightly irregular. That the chan<Te was not of any groat 
aatiqoitj is also shown by the fact that, on toe side whore the cone 
was pirotected by the dykes, the vegetable soil, where it has been 
aiffiBCted by cultivation, docs not exceed two to three inches in thick* 
On this side, thus protected by the dykes, the railway cutting 
posed three layers of vegetable soil, each of which must, at one 
, haTe fiurmed the surface of the cone. They are regularly in- 
tercalated among the gravel, and exactly parallel to one another, as 
well as to the present surface of the cone, which itself follows a very 
legnlar curve. The first of these ancient surfaces was followed, on 
the so«th side of the cone, over a surface of 15,000 square feet ; it 
had a thickness of four to six inches, and occurred at a depth of about 
iMur feet (1.14 metro measured to the base of the layer) below the 
prasent surface of the cone. This layer belonged to the Roman 
period, and contained Roman tiles, and also a coin. 

The second layer was followed over a surface of 25,000 square 
Ibet; it was six inches in thickness, and lay at a depth of 10 feet 
(1.97 metres, also measured to the bottom of the layer). In it hare 
been fbond several fragments of unvarnished pottery, and a pair of 
tweeaers in bronze, which, to judge from the style, belonged to the 
^ Bronxe " epoch. The third layer has been followed for 8,500 square 
6et ; it was six or seven inches in thickness, and lay at a depth of 
10 feet (5.69 metres) below the present surface ; in it were found 
some fragments of very rude pottery, some pieces of charcoal, some 
broken Iwnes, and a human skeleton, with a small, round, and very 
thick sknlL Fragments of charcoal were even found a foot deeper, 
and it is also worthy of notice that no trace of tiles was found below 
tibe upper layer of earth. 

Towards the centre of the cone, the three layers disappear, since, 
at this part, the torrent has most force, and has dei>osited the coarsest 
materia, even some blocks as much as three feet in diameter. The 
ferther we go from this central re^on the smaller are the materials 
deposited, uid the more easily might a layer of earth, formed since 
Am last great inundations, bo covered over by fresh deposits. Thus, 
at a depth of ten feet in the gravel on the south of the cone, at a part 
where the layer of earth belonging to tho " Bronze " age had already 
disappeared, two unrolled bronze implements were discovered. They 
had probably been retained by their weight, when tho earth, which 
eoce covered them, was washed away by the torrent. After disap- 
pearing toirards tho centre of the cone, the three layers rei4)pear on 
the north side, at slightly greater depth, but with the same regularity 
and the samo relative position. The layer of tho ** Stono " age was 
but riightly interrupted, while that of the ** Bronze ** era was easily 
distiagoisliable by its neculiar character and color. 

Here, therefore, we nave phenomena so regular and so well marked 
i/^ wmm^appljto them a calcolatkm^ w'wlh wsMb )afeAia <s« ft^ i Wa M ^ 
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of at least approximate accuracy. Making, then, some allowances 
for instance, aomitting three hundred years instead of one hundred 
and fifly for the period since the embankment, and taking the Roman 
period as representing an antiquity of from sixteen to eighteen cen- 
turies, wo should have for the age of " Bronze " an antiquity of from 
2,900 to 4,200 years ; for that of the " Stone " period from 4,700 to 
7,000 years ; and for the whole cone, an age of from 7,400 to 11,000 
years. M. Morbt thinks that we should be most nearly correct in 
deducting two hundred years only for the action of the dykes, and in 
attributing to the Roman layer an antiquity of sixteen centuries, that 
is to say, in referring it to the middle of the third century. This 
would give a period of 8,800 years for the " Bronze '* age, and 6,400 
years for that of " Stone ; " but, on the whole, he is inclined to sup- 
pose for the former an antiquity of from 3,000 to 4,000 years, and for 
the latter of from 6,000 to 7,000 years. 

In the remains of a settlement at the foot of Mt. Chamblon, in 
Switzerland, we have, according to M. Troyon, a Swiss archseolc^isti 
another instance in which we are able to obtain at least an approxi- 
mation to a date of the above-referred-to ages. The interest which 
attaches to this case arises from the fact that pile-works, intended for 
the support of ancient habitations over the water, have been found in 
the peat at a considerable distance from the lake, whereas it is evident 
that, at the time of their construction, the spot in which they occnr 
must have been under water, as this mode of building would have, been 
quite out of place on dry land. This, however, indicates a veiy con- 
siderable antiquity, since the site of the ancient city Eburodunnm 
must have been, at that time, entirely covered by the lake ; and yet 
the name, which is of Celtic origin, denotes that there was a town 
here even before the Roman period. In order, however, to form an 
idea of the time at which the dwellings at Chamblon were lefl dry by 
the retirement of the lake, we must have in the valley a point of 
determined age to serve as a term of comparison ; and such a point 
we find in the ancient city of Eburodunum (Yverdon), whicn was 
built on a dune extending from Jorat to the Thiele. Between this 
dune and the lake, on the site at present occupied by the city of Yver- 
don, no traces of Roman antiquities have ever been discovered, from 
which it is concluded that it was at that period under water. If, then, 
we admit that, at the close of the fourth century, the lake washed 
the walls of the Castrum Eburodense, we shall have fifteen centuries 
as the period required to efiect this change. The zone thus uncov- 
ered in fifteen hundred years is 2,500 feet in breadth, and, as the 
piles at Chamblon are at least 5,500 feet from the water, it may be 
inferred that three thousand three hundred years must have elapsed 
since they were left dry. This lake dwelling belonged to the " Bronze** 
period, and the date thus obtained agrees pretty well with that ob- 
tained from the examination of the Cone dcla Tinicre. — Lvifhockan 
the Ancient Lake Habitations of Switzerland, 

AGE OF THE PYRAMIDS. 

An Egyptian astronomer, Mahomed Bey, has recently published a 
remarkable work on the age and the objects of the Pyramids, as elu- 
cidated by the star Sirius. His labors were undertaken last springy 
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for the pnrpose of verifying the exact orientation of thise vast fune- 
real piles. The measurements made by him bave given 231 metres for 
the length of the sides of the square base of the Great Pyramid, and 
146.5 metres for its height; whence it follows that the angle its faces 
make with the horizon is 51^ 45'. Comparing this with the known 
inclinations of six other p}Tamids at Memphis, the constancy of this 
angle, which is always confined between 51° and 53°, and on the 
average 62° 80', is very remarkable. This invariable inclination, 
comlnned with the exact orientation of the pyramids, has led to the 
idea that there was some hidden connection between their form and 
some celestial phenomenon, and consequently with the divinity who 
presides there according to the Egyptian mythology. Now, it is 
found that the star Sirius, when it passes the meridian of Gezah, falls 
directly upon the southern face of the pyramids, and in calculating 
the change of position of this star, during a succession of ages, the 
result has been found that, 3,300 years b c, its rays, when they culmi* 
nated, fell exactly perpendicularly to the southern face of the pyrar 
mid% inclined 52^ 5' to the northern horizon. But, according to the 
principles of astrology, the power of a star has its maximum effect 
wlien its rays fall perpendicularly upon the object which it is deemed 
to influence. Thus, supposing that the pyramids have been constructed 
5,000 jears, it appears evident that their faces received the incUnation 
of 52^ for the purpose of being struck normally by the rays of the 
most beautiful star in our heavens, and which was consecrated to the 
god Sothis, — the ** dog-star" and judge of the dead. This opinion 
It confinned in an unexpected way. The pyramids, being tomlxt or fune- 
real monuments, ought to be found under the patronage of the divinity 
whoee chief connection is with the dead, that is, with Sothis ; and, 
moreover, the hieroglyphical symbol of Sothis is a pyramid at the 
side of a star and a crescent. On the other hand, Sirius was, according 
to the E^^tians, the soul of Sothis. The date of the foundation or 
the pyramids, as resulting from these investi^tions, accords with the 
computation of Bunsen, according to which King Cheops reigned in 
the tiurhr-ibarth century before our era. 
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BAPID GBOWTH OF VEGETABLES IN HIGH LATTTUDES. 

In a recent treatise on the vegetable productions of Norway, Dr. 
Mueller relates some extraordinary facts respecting the influence of 
the long duration of light, during the summer months, on the growth 
of vegetables in the higher latitudes of Norway. At 70^^ N. it WM 
found that peas grew at the rate of three and a half inches in twe^f* 
four hours for many days in summer, and that some of the rewwut 
also ^rew as much as two and a half inches in the same time. Kil 
only IS the rapidity of growth affected by the constant presence of 
light, but those vegetable secretions which owe their existence to the 
influence of actinic force on the leaves are also produced in far 
greater quantity than in more southern climates ; henc^the cdofuig 
matter and picment cells are found in much greater quantity, and tim 
tint of the cofored parts of vegetables is consequently deeper. Tkf 
same remark applies to the flavoring and odoriferous matters ; so thil 
the fruits of tne north of Norway, though not equal in sacchi 
properties, are far more intense in flavor than those of the sooth. 



NATUBB OF THE GAS FRODUCED FROM DECOMPOSITION OP 
VIC ACID BT LEAVES EXPOSED TO LIGHT. DV II. BOUSSUtOAUlA 

Referring to the history of discovery in respect to the relatuNif <)f 
plants to the atmosphere, Boussingault remarks that Bonnet flrst took 
notice of the emission of air from the surface of leaves; Priestly recog- 
nized this air to be oxygen ; Ingenhousc proved the presence of Ught 
to be necessary ; and Senebier proved that the oxygen gas eliminated 
by leaves under the light of the sun came from the decomposition of 
carbonic acid gas. Saussure, nearly at the beginning of toe present 
century, ascertained the fact — which has often been overlooked — 
that the volume of oxygen gas produced was not quite equal to that 
of carbonic acid decomposed ; and also that nitrogen gas was always 
evolved to an amount of the oxygen gas which had somehow disap* 
peared. He supposed that this nitrogen came from the substance of 
the plant, not considering, what is now obvious, that the substance of 
the plant did not contain, and therefore could not have furnished, 
anything like this quantity of nitrogen. 

In modern times, Daubeny was unable to obtain from leaTes oxjsen 

gas free from azote ; and Draper states that he found the astonishinff 

amount of from twenty-two to forty-nine per cent, of the gas emitted 

fntm tiie leaves of Pimis tada »nd Poa oMVMitA b^ nitmsen. Tbs 

1W^ 
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firrt tlep toward.'! rtc elucidation cpf tho matlcr was made hj Cloei 
and Gratioirt, who. exposing Ihc leaves of a cmunon pood weed in 
water, slightly inipregnBl«d with carbonic acid, found the first day 
15.70 per ceiiL of the gas eliminalcd was nitrogen ; the second, 13.79; 
the third. IZ.OO; the fourlli, 10.2G; tbc Mb, 9.53; the si»h, S.lJlj 
ttie 8th, 2. DO. That is, the oxygen gas grew purer and purer, exactly 
M if the axote retained in the tissues of the plant, or in the water, 
waa gradually expelled by the oxjgen. Similar experiments wura 
made by Boussiugault, in 1844, conGnuing thc»e remits; and also, 
Inter, a set of coinpar.-ttire experiments, with and without leaves, 
which conGnned the truth of the conjetture as to the source of most 
of tbc nitrogen. But, afler all, he could not obtain any oxygen gas 
free (Tom azote. 

Bouninnault now devised n new method of proceeding, by which 
he sToided the difficulty about extraneous nitrogen, etc. Tho mean 
results of twenCy-fiTe experiments, — which are detailed particularly 
in the memoir, — mode with a variety of plants, are, that 100 measures 
of carbonic acid gas, decomposed by Iblii^ under tho light, give 97.3 
oF oxycen gas; and that l.i 1 of azote hod appeared, which, from the 

Elan of the experiments, could not have come from the water, nor 
art been contained in the plaut- 

At this point, Boussingault raised the question whether this gas, 
which remained atler the absorption of the oxygen by the pyrt^allate 
and the carbonic acid by potassa, was necettsarily and really nitrogen. 
A. suite of experiments, devised and executed in this view, brought 
mil the interesting result that the supposed mate, which, moreover, 
«nT«sponded very nearly with the amount of oxygen gas that had 
£s*ppcared, was oxide of carbon, that is, carbonic oxide! There la 
also a little protocarburct of hydrogen. So, " foliage during the de- 
composition of carbonic acid docs not really emit nitrogen gas, bat 
with the oxygen gas emits some oxide of carbon and some protocar- 
burct of hydrogen, ami these combustible gases, Uko the oxygen, are 
produced only under the light of the sun. ... In other terms, to 
Keep strictly within the conditions of the experiments, these gases 
constantly accompany the oxygen of which the sun determines the 
production, when it acts upon a vegetable submerged in water im- 
pregnated in carbonic acid." Is this also tho case when carbonic 
acid is decomposed by foliage in the air? 

Boussinsault concludes his paper with the remark, that the earlier 
observers looked at their discoveries rather from the hygienic than 
tb« physiological point of view ; that, while Priestly announced hi* 
briUiant discovery oy the atatemcDt that plants purify the air viUated 
trf combustion or by the respiration of animals, it is curious enough 
that a century afterwards it should come to be demonstrated, before 
the Academy of Sciences, that probably the leaves of all plants, and 
cert^uly those of aquatic plants, while emitting oxygen gas, which 
ameliorates the atmosphere, also emit one of thu most deleterious of 
known gases, carbonic oxide ! lie closes with the pregnant and nat- 
ural query, whether the uuhualthiaess of marshy districts is not attrib- 
utable, at least in part, to the disengagement of this pernicious gas by 

Wvai^ thai what Wrifcwm ■with toM. TOivnat,'wv>'%«g»;*«fc'* 
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thcic results arc tnio, the vegetable moeliiiiery woold leem to m 
at a lou. and witli a real, though it bo a small, waste of maietii 
When any carbonic acid taken into the leaves pastes off nncbangi 
M much work is not Uonc ; but there it no waste or Ion in the pn 
of manufacture. But, looking at the food of plants aod Ibcir 
duets, — comparing the raw material with the manufactured ,~ 
— it seems apparent that any carbonic acid which is reduced 
bonic oxide, and given oS* as such, is to much loss or waste! ^ 
ma)^ avoid this unneleonio conelusion by the euppoeition that the ci 
bonic oxide and carburet of hydrogen are products of the decomi 
aition of some of the vej-clable matter co«taneons with vegetal 
assimilation, but no part of that process itself. This is the morepn 
able, since it cannot rca^ionably be supposed that carbonic acid n 

C" id lo the foliage is resolved into oxygen and carbonic oxide a 
h set free, — which seems to be the alt 
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OF ORCUIDS. 

Much carious information in relation to the above subject hu b 
brought out by Mr. Darwin, the well-known Englbh uaturaliK, in 
reecntly-pubtisbcd work. Of these curious plants, it is stated tl 
433 genera, including about G,000 species, are now known ; and,, 
taaj be readily imagined, the natural provision for their reprododii 
is strikingly cIBcieot. Of this, Mr. Darwin testifies froui his 01 
observation, lie says : — 

" I was curious to estimate the number of seeds produced 1 
orchids; so I took a ripe capsule of CephalantAera grandiffora,u 
arranged the seeds at equably as 1 could in a narrow hillock, ob 
long ruled line, and then counted the seeds in a length, 11 
measured, of one-tenth of an inch. They were 83 in nui 
this would give for the whole capsule G,020 seeds; and for the lb 
capsules borne by the plant 24,000 seeds. Estimating is the m 
manner the smaller seeds in Orcliig maculafa, I found the nam]] 
nearly the same, viz., G,!00; and, as 1 have often seen above 30 c* 
sales on the same plant, the total amount will be 180,300, — a jn 
digious number for one small plant to bear. As this orchid is pen 
nial, and cantiot in most places bo ineresang in number, one M 
alone of this large number, once in every few 3'ears, produces m b 
ture plant. I examined many sccdt of Ihc Ccpbalanlhcra, and ve 
few seemed bad- To give au idea what the above figures nai 
mean, I wilt briefly show the possible rate of increase of O. tnaet 
An acre of land would hold 174,340 plants, each having a space i 
six inches square, which is rather closer than they i-ould fit 

together; eo that, allowing 12,000 bad seeds, an aero would be tl ^ 

clothed by (ho pro^uy of a single plant. At the same rate </ t 
crease, the grandchildren would cover a space slightly cxciwiiii^tl 
island of Ajiglesea; and the great-grandchildren of a ungle pin 
would nearly (in the ptoportiou of 47 to 501 clothe with one uniiS^^ 
groen carpet the entire turlacc of the land throughout tjic globe{' 

tir. Darwin has aUo asi^ertaincd that sclf-fcrtilizaiion is a very n 

uvent with orchids, and that most species, through a — ^ '-' 

gf aawn, alMolntely ragiMtft <ba wot ^snOAw Vk 
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Hu8 IB obrkxis from such an arrangoment of the oi^ns that tho 
poOeii-iiiaaB (polliniam) and other connected parts are too closely 
embedded to be shaken out by yiolcncc. Somehow, tho precious 
poUen must bo transferred; the little trains, so reproductiye when 
pfoperly applied, would be useless in their original position. They 
are there with all their natural fertilizing qualities, but they must 
be elsewhere before these can be serviceable. What is to transport 
them if they cannot be shaken out by a gentle violence? Try Mr. 
Darwin's experiment, and you will arrive at his conclusion. Ho cov- 
ered one plant under a bell-glass before any of its polllnia had been 
removed, and he lefl three adjoining plants uncovered. Frequent 
examinations disclosed the fact that some of the uollinia were daily 
remoTed from the uncovered plants until nearly all were gone, while 
all the pollinia remained firm in the cells of the glass-covered plant. 
Other olbeervations tend to a like result. From all of them it may be 
inferred that there probably is a proper season for each kind of 
orchis, and that insects cease from their visits to it ader the proper 
•eason has passed, and the regular secretion of nectar has ceased. 

The eridence of insect visitation is not derived from their detection 
in the flowers ; and it is a curious circumstance that, although Mr. 
Darwin has been in the habit for twentjr ^cars of watching orchids, 
he has never seen an insect actually visit a flower, excepting, in- 
deed, some bntterflies on two occasions. We are to look for the evi- 
dence of their visitations, not by attempting to detect the insects in 
the act, but by discovering the stolen goods, the pollinia, upon their 
bodies. This Mr. Darwin has especially observed in the case of 
Bwdis, who are attracted, with other insects, by the peculiarly sweet 
nectar secreted by the orchis flowers. 

The nectar-secreting apparatus in some species is very curious. In 
one species, the Caryantnis^ two little horns near the straplike junc- 
tion of the labellnm with the base of the column secrete so much 
limpid nectar, having a slightly sweet taste, that it slowly distils, and 
a sugle flower will in all secrete about an ounce weight The most 
remarkable appendage is that of the deeply-hollowed end of the label« 
Inniy which hangs some way down, exactly beneath the two little 
horas, and catches the dreps as they fall, precisely like a bucket sus- 
pended some way beneath a dripping spring. 

In fact the arrangement for seducing the insects to visit and alight 
upon the flowers is in some cases so ingenious that Mr. Darwin, in 
descrilnns it, exclaims : ** A poet might imagine that whilst the poU 
linia are borne from flower to flower, adhering to a moth's body, tney 
▼cAnntarily and eagerly place themselves, in each case, in that exact 
position in which alone tney can hope to gain their wish and perpetu- 
ate their race." 

The special adaptation of parts for the fertilization of Listera ovata 
is clearly unfolded, and worth attentive study: — **The antheivcells 
open early, leaving the pollen-masses quite loose, with their tips restp 
ing on the concave crest of the rostellum. The rostellum then slowly 
emrres over the stigmatic surface, so that its explosive crest stands at 
a little distance from the anther ; and this is very necessary, other- 
wise the anther would be caught by the viscid matter, and the pollen 
Ansvw locked op. This curvature of the lObVi^nBi ^^ ^^ ifio^^fi^ 
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and baae of the labellum is cxpclleotly well adap)«d to faror 
striking the i-reat when it raisps ita head, after IsiTing crawled up 
labellum. and litkeil np tlie last drop of nectar at its hnse. The ci 
of the rostellum is so c:iqui9itel7 sensitive that a (onc-h from a m( 
minute insect causes it lo rupture at two pdiits, and instSDlaor ~~ 
two drops of Tiseid liqaid arc expelled, wliieh coale«'o. Thi' 
fluid sets hard in so wonilerfolly rapid a manner liiat it ntrel^'' fiiib 
cement the tips of the pollinia, nicelT laid on the rrcvt of tlie 
lum, to the insect's forehead. The pollen-masses, when onco cemeni 
to SD insect's forehead, will general!/ remain Imnlj attached to 
until the viscid sligma of a mature flower removes these encB 
brances from the insect, by rupturing the weak elastic threads 
which the gr^oa are tied together, rceciving at the ssmo time t 
benefit of fertilization." 

Mr- Darwin also describes the curiously constructed aiTang;cinei 
for r«}roduc^on existing in the male Sowers of another variety 
orebids, vie., the Caraatlum. It b nacessarj' that the pollen-masse* 
these flowers be transported to female plants in order that 
be produced. Now, in tbege loale Bowers, the prJlioini~ '~ 
vitA a viacid disc of huge size ; but the disc, instead of 
M in other orchids, in a |)osilion likely to touch and adber« Ut t 
iuKCt vinting the flower, is turned upwards and lies ctoae to ll 
upper and baeic surface of a chamber, which must be called the lA 
matjc chamber, though functionless as a stigma. There i* nodiiii^ 3 
this chamber to attract insects; and even if they did enter it, it I 
hardly ptM^blc that the disi' stionld adhere to them, for its viscid Ml 
&ce lies in contact with the roof of the chamber. How then dm 
nature act ? She has endowed lhcf« plants with what must be calln 
fiir want of a better term, senutiveness, and with the rcnutrfaibl 
power of forcibly ejecting their pollinin to a distance. Huuce, wba 
certain definite points of the Bower are touched by ao insect, ll 
pcdUnia are shot out like an arrow which is not barbed, bnt faav 
blBBt and excessively adhesive pmnt. The iniiecC, disturbed by | 
sharp a blow, or after having ealen its fill, flics sooner or luor to 
female plant, and, wliitat slandinj^ in the same positiou as it did wU 
struck, the pollen-bearing end ol the arrow is inserted into the 1^ 
matic cavity, and a mass of pollen is left on its viscid surface. Thru 
and thus alone, species of the genus Cntasetnm are fertilized." 

Notwithstanding the immense seed-produce of orchids, the „ . 
care is taken throughout this vast order, with its more than four hi 
dred genera and ita w.i tliousnnd species, that the pollen shall not 
WMtcd ; and yet, so far as .ill observation goes, the act of fi^rtiltaatii 
ia for the most part left to insects. Tn commentiug on this cniio 
circumstance, Mr. Darwin uses the following language: — "Cunddf 
iwf bow precious the pollen of orchids evidently is, and what care h 
been bestowed on its organisation and en the accessory parts, — eo 
sidering that the anther alwavs stands close behind or above t 
ttigma, sclf-lttrtitixation would finre been an incomparably safer pi 
cess than the transportal of the pollen frntn llnwcr tn flower. It it i 
asIonisLing fact that self-ferti)izatIon should not have been ; 
lal occurrence. It apparent\j iiGiaotituMe& to ui that there 
fa» ■™"t'"'"g iojuriona in. the pigceM. '&iilu»n ^^>»& «d^-tas> 
L 2ii» 
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most empbatic maimer, tliat she abhors pcrjietual self-fcrtilizaion. 
Tills conclunon seems to be of high importance ; and may we not fur- 
ther infer as probable, in accordance with the belief of the vast ma- 
jority of the breeders of our domestic productions, that marriage be- 
tween near relations is likewise in some way injurious, — that some 
unknown great good is derived from the union of individuals which 
liave been Kept distinct for many generations ? " 

THB UGLIEST PLAKT IN EXISTENCE. 

At a recent meeting of the Linnsean Society, London, Dr. J. D. 
Hooker described a new plant, which he characterized as not only 
•tmctorally the most peculiar, but it is probably the ugliest plant that 
has ever been seen. It was discovered by Dr. Welwitsch lx»yond the 
northern limits of Cape Town, Southern Africa, and has received the 
name of WelwUschia mirabilu. It is a stunted-looking kind of tree, 
whose summit never reaches more than two feet above the level of 
the ffroimd, whilst its short woody trunk never possesses more than 
two leaves. These extraordinary leaves are, in point of fact, the 
cjcpAnded seed-lobes, or cotjrledons, which make their appearance as 
soon as the young plant rises out of the ground ; and, what is still 
more astonishing, these aforesaid leaves live, grow, and remain at- 
tached to the stumpy trunk during the entire ufe of the tree, which, 
it is calcniated, lives at least one hundred years. We may also fur- 
ther observe that these two persistent foliar organs spread out later- 
ally, in some fine examples of the WelwUschia attaining, each of 
them, a length of nearly six feet. The flowering axes shoot up from 
the summit of the stumpy trunk, which is flattened at the top, and 
like a Iblded card-table is divided by a central line into two equal 
halves. The root is conical, and longer than that part of the trunk 
which. appears above ground. There are many other points of ^cu- 
liar scientific interest connected with the Harm and structure at this 
astooiihinff plant. 
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YELOCITT OF THE NERVE FOBCB. 

At the September (1862) meeting of the SocM Helvetique de$ 
Sciences Naturelles, M. HIrsch exhibited an apparatus for detenmn- 
ing what astronomers call the personal equation of time, or the differ- 
ence which observers make from personal caoses in the estimation of 
minute periods. - He said, " We have now introduced the electric 
method mto astronomical observation, and as the observer has only to 
shut off the current as soon as ho sees the bisection of a star, the 
problem of personal equation consists in determining the time whidi 
18 necessary for the astronomer to see and execute the necesBary 
movement of his finger. This time, which we call physiological time, 
consists of three elements: 1. The time occupied in transmitting the 
impression to the brain ; 2. The time taken by the brain to transform 
the sensation into a volition, and, 3, that consumed in transmitting 
this volition through the nerves, and in the execution of the muscular 
movement." To ascertain these minute periods, M. Hirsch employs 
the chronoscope of M. Hipp. A ball is so arranged that its fall inter* 
rupts an electric current, and thus sets free the motion of certain 
hands. As soon as an observer perceives the fall of the ball, he re- 
make^ the contact, and arrests the hands, whose motion in the interval 
fives the physiological time. By the use of this instrument M. Hirsch 
as come to the conclusion that nerves transmit their impressions at 
the rate of thirty-four metres a second. Mr. Hcimholz estimated 
their velocity at one hundred and ninety feet per second, but his 
experiments were on the motor nerves of frogs, and those of 1£ 
Hirsch on the sensitive nerves of man. 

HAIRLESS MEN OF AUSTRALIA. 

The Sydney Empire (Australia), of February 19th, 1862, publishes 
the following curious account of a race of bald men, recently discov- 
ered in that island-continent It says : — 

" It is now some few years since a report first obtained currency, 
that, far in the western interior, bcyoiul the Balo»iiiC River, a tribe 
of aboriginal natives existed who exhibited r,emarkablo physical dis- 
tinctions from those with whom explorers aiul otiier colonists have so 
Ion;? been familiar. It was said that the natives in question were en- 
tire// destitute of hair, oven ou xVi^ Vi«^^ ^hlch was as bald as a 
bilUard'balL Other rcmaxkaYAo 'oee>3[^dfw\}ifi& ^^t^ ^^^ \sv^x^u»sQk<^ 
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_nthe AbKnce of ocular proof led most people to doubt then, and 
it was pretty generally beliered that eiihor tlm blacks nlluiled to were 
meruly snflbriog from some cutanifoiia disonler, or the taie was one of 
tlioae bush 'vanQs ' willi n-hjch «c-tller» think it no liarm ti 



tlioae bush 'vanQs ' with ivhidi «c-tller» thinkit noliaroi toiioax tUe 
toiniaaiaQ. Yesterday, however, wc Lad an opporlunity of ascertaining 
that all the statements were perfectly true. Air. WKay, a ^ntleman 



just BTrived from the Balonne Biver, colled at our office with 
these natives. Ho is a youn^; man, according to Mr. M'Kay's belief, 
only about uxteen or seventeen yuars of age, but certainlj looking 
much older. His bead is entirely destitute of bair, nor is there any 
trace of hirsute honors on bi^ body. There was a black, inerained 
wpearance on the scalp as if the roots of hair remained, but Mr. 
Bl'Eay states tliat this is merely the traces of a dirty cloth which be 
was in the habit of wearing on bis head. There needed not, how- 
ever, this remarkable destitution of hair to show that the individual 
before us was the type of a race utterly diffeiing in physical peculiar- 
ities Irom the ordinary aborif^nals of Australia. The whole contour 
of the face, form (k the bead, expression, color of skin, and listless, 
almost sullen attitude, at once sugBealed iho Mongolian. His physi- 
cal development is far inferior to that of the healthy aboriginal fonnd 
in other parts of Australia. The large, rapid eye, thick lips, broadly- 
spread none, and deep brown skin, were all atKent. The iieculiarity 
of tho face was moat evidently Chinese, and the eye connrmed thu 
iinpresiion. The skin of this interesting stranger is precisely of that 
deep yellow-brown shade which might be expected in a descendant 
from Chinese and aboriginal Australian parents. The party to whom 
he belonged — for there is no clear reason for calling it a tribe — 
appeared to inhabit the country to the north-westn'ard of the Upper 
Warrego. Mr. U'Kay had not seen more than six or seven of them 
at various times, one, at least, of ivhom was a woman, and one man 
was much taller and more strongly proportioned than the specimen 
brought to our office. The whole rirvumalaneos of tho case render It 
extremely probable that those remarkable people are the descendant* 
of Chinese li^hermcn, who, having, years ago, landed or been cast 
away in the Gulf of Carpentaria, or on the Australian coast of the 
Arofura Sea, have remnined with the Australian aborigines, aad 
transmitted the pfayacal peculiarities of tbeir race to their de- 
Kondants." 

^■|;Z0OLOGICAL SIGNIFICANCE OF THE BRAIN AND LUB CHAB- 
^B ACrERS UF UAH. 

^^Bb following is a report of an interesting discnasion on tho rela- 
^ffvpontion of man and monkeys wbicb took place at the lost meet- 
ing of the British Association (18G2), between several well-known 
naturalists. Prof. Owen commenced the discumion by exhibiting and 
contrasting the brain of n roan and the brain of a soritln. The difl'civ 
cnces between them he pointed out as follows: — In tho brain of mar, 
ihc po»lt-rior loUa of the cerebrum overbipped, to a i*onaiderable 
exteut, the small brain, or cerebellum; whereas in the gorilla the 
posterior lobes of the cerebrum did cot project bcYOtul thv tahea of 
W eer^eUaia. The posterior lobes in 'Cta w» -mvtti ^RtxBmsnA. v^ 
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ircK marked ; in the other, deficient. These pernliarities hikd bje 
referrcil to by Todd auU Bowman. From a very prolonged inrcs 
cation into ibe characters of animals, he felt persuaded that I 
cbaroctcrs of the brain were the moat steadfast i and be was tbj 
induced, of^er niaD}r years of studv, to propose his clasaificDtion of t] 
mammftlia, based upon ibe diflerences in the development of the 
br^n struclure. Ho bad placed man — owiugtothe prumitieDce i 

the posterior lobes of his Brain, the existence of a po*t«tior i 

the lateral Tentricles, and the presence of a hippocampua t 
the posterior comu — in a distinct sub-kin^ora, which be had caili 
Arehancephala, between which and the other mcmben of tbe mat 
malia the distinetionB ivcre very marked, and the rise was a va 
abrupt one. The brain, in bis estimaiion, was n l^r better guiile 
classifying animals than the foot ; but tbe same diflereace that er*'"*" 
between their brains was also observable between their feet. 

Prof. Huxley obserred, that Prof. Owen's statemenls appeared 1 
him in no way to represent the real nature of the problem under di 
cussion. He would, therefore, put that problem in another wa 
Hie questiou was partly one of facts, and partly one of reaamip 
Tbe question of fact was. What are the structural 'diflereuees bctwei 
man and tbe highest apes ? — the question of reasoning, What ia tl 
■vstcmatic Tatue of tliose differences 'i Several years ago, Pn 
Owen bad made three distinct assertions respecting tbe diu^vaa 
irhich obt^ned between the brain of man and that of the highest api 
Be asserted that three structares were "peculiar to and chara 
iBtic"of man's brain — these being the "poatcrior lobe," the "K 
tcrior comu," and the " hippocampus minor." In a controversy whit 
bad lasted for some years, Prof Owen had not qualified these aae 
tions, hut had rcjKratedly reiterated them. He (Prof. Onxley}, ^ 
the other hand, had controverted these statements; and affirmed,* 
the contrary, that the three structures mentioned not only exist, bi 
arc oflen letter devubped than in man, in all the higher apes. . 
(Prof. HtULley) now apjiealed to the anatomists present if^the q 
Tcraal Toiee ot Continental and Briibh anatomists had not entire 
borne out bis statements and refuted those of Prof Owen. Pn 
Huxley discussed the relations of the foot of man with thOM ot tl 
apes, and showed that the same argument could be based npOD till 
as on the brain ; that arcuuient being, that the Etmclural diScMU 
between man nud the hjgbeat ape are of the same order and a 
slightly different in degree from those which separate the tipea oi 
from another. In conclusion, he expressed bis opinion of the fbtfli 
of discussions like ihe present In his opinion, the diiTerenccfl b 
twoen man and the lower animals are not to be expressed by hia (O-,^ 
or bis brain, but are moral and intellectual. Prof. Bollestoa Mid Im 
would try and supply tbe members of the Association with the poiDt* 
uf positive difference between tbe human and the ape brain. For 
doing thb we had been abundantly shown that the bippocaiDiiBI 
minor and the posterior lobe were insufficient. As diffi^rentiTe, tMX 
axani be given up at last. Tbis analysis of tbe brain's structure u3 i 
established as djlTcrenlirc between man and tbe ape four great diflb^ ] 
two morphokgka), two i\uMAili^Ni. Ttii W ''' ''^ 

great absolute 'neisH aai ^-W ^ax\ " " 
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B>>i>i *'^B t^'o morjnho1(^ic&), the multifidily of [lie frontal Iobe« co> 
raapondiiig to tbe Ibruheail, usually, popularly, and, as tLia aimlyais 
aWiri, porrecclr, taken as a fair exponent of man'ii intdligpnco, uid 
the abspDce of thu external perpend ioular Csduro. This had Iwen 
abnndanily (hown by Grntiolel, Mr. W. II, Flower, looking at the 
eubjeot solely in the anatomical Tiew and aa a ijuestion of faut, stated 
that tbe result of a considerable nunibcr of dissei-tiona of brains of 
various monkcvs was that the distinction between Ihi; brain of nuui 
and monkeya did not Ue in the posterior lobe or the Uppoeampu* 
minor, which ports were proportionately more largely developcu in 
manr monkeys than in man, and that if ihoitc (larts were used In the 
cloosification of man and the monkeys the senes would be, first, the 
little South American marmosets ; then would Ibllow the baboons, the 
cercopithea, macaque; then man mu^t be placed, followed by the 
'Impend apes, the orang-outaug, chimpanzee, and gorilla; aail last, 
American bowlinj; monkey. 

n reTiewing the above diacus^on, the London Times uses tbe fol> 
iog language : — We are firmly persuaded that these discusoions, 
mteresting as they may be to physiologists, can never teach the rest 
of us anything whicli it concerns us to Know. The possession by man 
of ccrlam distinctive attributes transcending the hijihest iotelhgciice 
of animals, as organic transcends ino^anic life, is a tact beyond doubt 
or quAlification. The methdd by which he became possessed of tbew 
attributes is a mystery, and must ever remain so. It is cotweivable, 
though improbable in the highest degree, that scientiHc research may 
diKOver what has been presumptuously called " the missing link 
between the human skeleton and the skeleton of the hiahcst class of 
apes ; but what will have been gained by such a revelation ? Notlui^. 
except an evidence that the external form of two orders of bein^ dil* 
fering in all that con constitute a difference of nature may approximate 
more closely than has hitherto been supposed. The step from re- 
semblance to filiation is one that can never be made legitimately, and, 
if it could, the only problem that has more than a acicntilic interest 
would remain unsolved. The history of the buman race must begin 
with the first creature endowed with a human soul, and no structural 
olEnity wilt ever justity us in acknowlcd^ng as man a being which 
has lull no traces of reasonable agency. Between the highest eflbrta 
of iiulinct and tho rudest manufactured implements which geologists 
have delected in caves or gravel-beds, there is an iuterval which can- 
not bo bridged over. While wo are what wc are, and learn from his- 
tory and phdology that no material change has passed over our mental 
organization since laoguogc was used to express thought, we can dis- 

eiuBo with the aaaumption that our -phTHcal organization is unii^ue. 
xperience had already told us that wo live undtr tho same physical 
conditions with other animals. Like them, v/e need air, sleep, and 
fbod ; tho constituent parlt of our bodies and the mode of growth ara 
t.hi'Ktaie; the processes ofdij;estion and secretion, and tho tendency to 
iliseasv, are common to us with them, and we share with them nil lira 
M'DSVS ami niany of tho afiections. It is a email thing, then, to a<lmit 
tho existence of other features of similarity such as osleoli^y attesla. 
Thu recognition of these features is as old as Arislolle, and the use 
iKMitinwiA of Utaa eoraas too late to sbakA wu tailUu: 
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rions to an exclnsiyc rank among animals. That wc sboold mntu a 
conscience and a spiritual nature with a bodily framework inferior in 
strength and little superior (if it be so) in delicacy to some othex 
mammalia^ would be the strongest possible confirmation of oar title to 
this rank. Nor would this title be the least afiected by any theory 
about the mode of our creation, gratuitous and worthless as such a 
theory must ever be. There would be nothirg more dero^tory to 
Omnipotence, or even to human nature, in the conjecture that man 
did not become a livin<7 soul till he had passed through several lower 
stages of animal life, than in the doctrine tliat he was formed imme- 
dis^ly out of the dust of the ground ; nor would he cease to be a 
little lower than the angels if the elements of his body could be 
analyzed into an original monad. The difference between the two 
inews is that we have the highest authority known for the one, while 
the other has no basis but a set of disputed facts which cannot possi- 
bly prove more than that something which was not human once ex> 
istea in human shape. It is one thing to show that a brute may have 
organs as perfect as a man ; it is another thing to prove that man is 
nothing but a highly-educated brute. 

ZOOLOGICAL SUMMARY. 

Absorbing Power of the Human Skth, — Dr. Murray Thomson, 
lecturer on chemistry at the Edinburgh School of Medicine, relates 
some experiments which he tried on his own person to ascertain the 
truth of the statements made as to the curative power of mineral 
water baths, depending on the absorption by the skin of certain salts 
and other substances which thoy hold in solution ; and, further, to as- 
certain whether certain substances applied in the form of ointments, 
etc, pass through the skin and reach the blood before they produce 
any beneficial effect. His conclusions arc: — **Not only has absorp- 
tion by the skin been greatly cx3ggcraU>d, but in the case of sno- 
stances in aqueous solution it seems to be the exception, not the role, 
for absorption to take place ; and, in the case of ointments, etc., some 
substances so applied seem to be absorbed and others not." Mercury 
is absorbed by the skin, but Dr. Thomson's experiments have led him 
to conclude that the iodide of potassium, which is in very common 
use by doctors*, is not absorbed, and its applications may be abandoned. 

Value of Pisciculture. — At the meeting of the British AssociatioDt 
1862, Mr. Thomas Ashworth, as an illustration of what may be ac- 
complished by attending to the improvement of fisheries, stated that 
at Galway, Ireland, the salmon-fishcries had, within ten years, been 
rendered ten times more productive. This great improvement has 
been chiefly owing to the great care taken in preserving the streams 
during the breeding season, at an expenditure of five hundred pounds, 
and by introducing young salmon, artificially bred, into streams fitted 
for them, but from which the fish had before been excluded, owing to 
impediments preventing access from the sea. These impediments 
have either been removed or avoided by means of ladders so con- 
structed as to render the passage to and from the sea easy. A striking 
examplo was given of a river, in the county of Sligo, Ireland, whicn 
' ^ been maao productive by m^oaxia q£ Vsw^^ioxv^^s^ts^ ^x^ ^afi»l 
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a fall of forty feet, so thnt the fish ran ascend wiilioiit cIlfE ■uUy. 
rirer, wliii'h a few years nno was entirely brtrren. now abounds 
ntmon to sueli an extent tbat in tbe month of July, 1663, as many 
toe tliousand salmon were eaptnred at one locality in one week. 
^eellTiuirizalion of Spongti. — The French government, encoura;^ 
nrtbe incceMwhit-'h lias attended Ibcir clTorld in niscicnlture, are now 
tttempting to introduce Ibe artlGeial growth of the finer anil more 
Tsluablc sponges. It is now universally acknowledged tbat sponge* 
belong to the animal kiagilom, and arc an aggregate of ceMnlcs built 
up lijf a grlalinona pol3-p similar to those winch construct madrepora, 
porites, and other polypifers. When the sponge is first gathered at 
tbe bottom of the sea, it is covered with a black but transparent gela- 
tinous snbslaace, rewmbling regetabic granulation?, among nhich 
microscopie white and oviform bodies may be distinguished. These 
are the larvte destined to perpetuate tbe species. When an-ired at 
maturity, they are washed out by the sea-water which incessantly 
flaws through tbe sj>onge; they then swim along, by the aid of the 
nbr&tiag eilia or hairs with which they are provided, until they reach 
a suitable rock, to which they attach themselves, and there commence 
A new life. This emigration of the larvs from the parent spouge 
ocrnrs about the cod of Juno and beginning of July. The French 
antbotities collected the sponges on the coast of SjTia, before the per- 
fection of the larvffl, and, [raoaporting them to proper localities on the 
coast of France, sunk them, arranged in stone troughs. The success 
of the e.xperiment cannot, of course, be known at present. 

Omler-Breeding. — M. Coste, who has long paid great attention to 
pisciculture in all its branches, has rctcotiv made a very interesting 
report to the Frennb Academy " On the (Audition of the ArUGciu 
Ovster-beds on tbe West Coast of France." Tho prinwpal loealit? 
Riecled for the operations is tbe shore around tbe Isle of Re. Thu 
island, which is SLxteen miles long and four broad, is very favorably 
litnaled for the breeding of oysters. The sea-bottom fringing the 
island was cleared from all impuritica ; and the seed from oysters hav- 
ing been strewn on the bottom, the work of reproduction weqC on. 
Now. it is calculated that seventy-two millions of oysters are pro- 
dnced annually, which, at the rate of 25 or 30 francs per thousand, 
'a millions of francs per annum. M. Coste states tbat 
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notbJDg bnt very violent currents and a bod sea-bottom prevent tha 
o)tlers from breeding. 
Tie SmaUat of VerlebraU Animalt. — Dr. G. C. Wnllich has recept- 
ktributcd to thu vlnna/i o/ Afadcai History, Loudon, a drawing*^ 
r Jaw, the extreme length of which is the lOOih of an inch, 
lioz tbe body to have been five times as long aa the jaw, ho 
■ Here we have evidence of the cxistenfu of a vertebrate ani- 
aat measuring only the 20th of an inch, — a siie considerably below 
many of the organisms usually regarded as miuroseopic. Tbe jaw 
was recently detcitcd on a ahell containing n speHmen of muddr 
deposit dredged up at St. Helena in ISSI.in thirty fathoms of water.'' 
Conntclion btUceen Human ami C'alll-: Uiaorilar!!. — Prof. Gamgee, 
in an artii'lo on the " Health of Stoek," lu the Ed'nhurjh Vtter'mary 
Rtvitv), states tbat he has noticed a remsiicablu connection between 
4isf awi is man and in th« lower animidi',\M\i)iW<«iiB>B.'j*£'CMk^H^ 
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mcr maj be traced to unwholesome food. The same anthority affirms 
that, on the average, 33} per cent of the cows kept in any large town 
die annually of disease ; and he asks, *^ If our sanitary reformers are 
alarmed at a mortality of two hundred persons in ten thousand, what 
will they say to more than sixteen times that mortality amongat oar 
poor cows ? *• 

On the Prevalence and Cause of Goitre. — A commisaion appoini- 
ed by the French Academy to inquire into and report on the preTa- 
lence and causes of goitre, have ascertained that, when tiiis oiaease 
exists amone men and women, it also attacks quadrupeds. The 
thyroid glands of cows, goats, pigs, horses and mules are found to be 
affected in those dbtricts where goitre is most common. This discovery 
proves that goitre is not induced b^ diet alone, for many animals that 
were found to be affected were living on mountain slopes, apart from 
the dirty villages in the valleys. 

The Consanguinity Controversy, — M. Beaudouin communicates to 
the French Academy an account of his *' breeding in and in ** with a 
flock of three hundred sheep without any apparent ill effect ; but in 
this, as in similar cases, the alliances between the two sexes were 
strictly regulated, and all weak and undesirable animals were ex- 
cludeo. In one case, during a period of twenty-two ^ears, a sheep 
was bom in this flock exacUy reproducing the primitive type. M. 
Beaudouin agrees in the main with M. Sanson, a French naturalist, 
who disputes in toto the proposition that consanguinity tends to deter- 
iorate offspring ; but observes that he generalizes too fiist when he 
says that the inconveniences attributed to consanguineous connections 
have no foundation in observation. *^ We should add," observes IL 
Beaudouin, " when such unions take place between selected individ- 
uals." M. Gourdon, another Frencn naturalist, however, after re- 
viewing the proceedings of the most celebrated cattle-breeders, con- 
tends that Durham oxen. New Leicester pigs, Ditehley sheep, and 
other successful examples, are, however usetulto man, monstrositieB, 
constituted in opposition to all the laws of health, and that connec- 
tions of consanguinity always produce mischief, although it may be 
convenient to resort to them for special purposes. 

Physiological Effects of Milk. — Mothers have long been aware of 
the fact that their infants were affected by any changes in the com- 
position of breast-milk, brought about by particular kinds of food, 
medicine, or other disturbing causes ; and a French doctor, M. La- 
bourdette, takes advantage of this circumstance by administering to 
the mother the physic ne wishes to operate upon the child. H. 
Flourcns also has made divers experiments with pigs and other ani- 
mals, lie colored the maternal food with maduer, and, in twenty 
days, found the bones of the little sucklin<^s tinged with that dye. AX 
the meeting of the British Association, m 1860, Mr. Gibb, referring 
Co Vogers discovery of vibrios in human milk, stated that a child haia 
been brought to him in a state of emaciation. The mother appeared 
in good health, and her milk was rich in cream and sugar, out it 
contained numerous vibrios. Subsequent observations coimrmed the 
ifnnion that milk containing infusoria reduced the children who were 
ruckled upon it to skin and oone. 
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WOUNDS OF THE BRAIN. 

A recent number of tho Comptes Rendus contains an account of 
bbeervations and experiments by M. Floarcns, showing that wounds 
of the brain are easily cured. lie cites several iniJtauces of human 
beings who have recovered from injuries involving loss of a portion 
of tteir brains, and adverts to his own proceeding in introducing 
leaden balls into the brains of rabbits and dogs. lie made a hole in 
the skoll with a trepan, cut through tho dura mater y and made a slight 
incision into the bram itself, in which he placed the ball, which grad- 
nallj sank into the cerebral substance, making a kind of fistula that 
cicatrized. If the ball was not too big, the whole thickness of the 
cerobrom or cerebellum might be traversed without being accompa- 
lued or followed by any bad symptom or disturbance of functions. 
He states that, in 1822, he removed one lobe from the brain of various 
Mnim^kj who recovcred perfectly, and only lost the sight of the oppo- 
ate side ; and he adds, **• but the most remarkable tmng was when I 
removed the whole cerebrum, or both lobes. The animal deprived 
of his brain survived more than a year, but he had lost all his senses 
and intelligence, and was reduced to an automaton." In another 
instance, he took away all the cerebellum, and this creature lived a 
year. It never regained regularity of movements. It was reduced 
to the condition of a drunken man. 

GIGANTIC CEPHALOPOD. • 

M. Fkrarens has recently communicated to the French Academy 
an account of an enormous cephalopod, seen by Lieut Bouyer, about 
Ibrtj leagues north of Tenenfie. It appeared to be about ten to 
fifteen metres in length (from thirty-one to forty-six feet), having a 
aoli, gelatinous body of a reddish color, and shaped like an immense 
horn, the widest part being about two yards m diameter, and sur- 
roanded by very strong arms or tentacles. It was repeatedly shot at, 
and the balls passed through it without doing much harm. On one 
occasion, however, a quantity of blood and froth, of a musky odor, 
fiowi^ from the wound. Aftor being harpooned several times, the 
body of the creature was surrounded by a rope, and efforts were made 
to haul it on board. Unfortunately the rope cut the sofl flesh, and 
only the posterior part was secured. The sailors wished to pursue 
the remainder of the monster in a boat, but Lieut Bouyer was afraid 
that its long tentacles, armed with suckers, might enable it to swamp 
them ; and it was, therefore, permitted to escape. lie observed that 
the fishermen o9f the Canaries often met with similar creatures, ex- 
ceeding one or even two yards in length ; but they were afraid to 
attack them. M. Milne Edwards recited numerous instan(*es of the 
appearance of monster cephalopods. Rang had seen one with a 
body as hm as a hogshead ; and Steenstrup examined the body of 
another, wnich was thrown on the shores of Jutland, and which he 
denominated Architeuthis dux. M. Milne Edwards considered there 
was reason to believe that these large cephalopods were not all of the 
same species; and he had no doubt that many Kinds, which existed in 
the depths of tho sea, far exceeded the bulK of any known inverte- 
brate animal 
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niTSIOLOGICAL EFFECTS OF TOBACCO^MOKING. 

At the last meeting of Iho British Assoeiadon, 1862, Dr. Snutli 
presented an able paper, in which he adduced experiments showing 
that, while tobacco-smoking causes a large increase in the rate of pul- 
sation of some persons, in others no increase occurs ; and hence that 
there is a diversity in the mode of action of this substance, as there is in 
the admitted good or evil effects upon the body. The following are the 
details of one of his experiments. The individual operated on waa 
made to prepare himself by sitting absolutely still until the pulse 
stood at an average of 74.5 beats a minute. He then commenced tc 
smoke a pipe, and, during the first five minutes of smoking, the effects 
were comparatively slight; the pulse, however, increased in firmness 
and fulness, and stood at an average of 78.8 per minute. During 
the next fourteen minutes the frequency of the pulse was 87, 88, 94, 
98, 102, 102, 105, 105, 104, 105, 105, 107, 107, 110, and there was an 
increased sense of warmth, together with slight perspiration on the 
brow. Smoking was now stopped, and, during the next minute, the 
pulse rose to 112; but it then began steadily to decline, till, at the 
end of half an hour from the commencement of the smoking, it was 
at 88.91. For more than two hours it remained above the natural 
average of frequency and force. Dr. Smith assigns the time of 10 
p. M. as the proper one for making experiments on the action of to- 
bacco, and adds that no food should bo taken for four hours previous- 
Iv. He considers that to literary men, on whom tobacco may be 
found to prodyce this kind of stimulant effect, it would be an effectiTO 
substitute for the wine which they so frequently take to assist them in 
brain-work which is done late at night ; but, when the body is of fuU 
habit, it must lead to disturbed sleep, and may produce apoplexy. 

ADDITIONAL KESEARCHES ON THE SO-CALLED SPONTANEOUS 

GENERATION. 

Pasteur in his researches on fermentation has brought forward ex« 
perimental evidence to show that this process depends upon the pret- 
ence of minute organisms in the fermenting fluid, and that the source 
of all such organisms is the atmosphere. In support of this opinion 
he asserts that when a fluid containing organic matter in solution is 
put into a flask and ** boiled two or three minutes," and supplied 
only with air which has been filtered by pasang through a tube 
heated to redness, and the flask is then hermetically sealed, no feiv 
mentation takes place, no organisms are formed, and that the contents 
remain indefinitely without change. But if the same solution is ez- 
poeed to the air in its ordinary condition, it becomes filled with vari- 
ous living forms. Out of a large number of experiments prepared 
in the manner above described, he has not known one to give a aifier- 
ent result from that mentioned. Ho further states that if the neck 
of the flask is drawn out into a very slender curved tube of several 
inche:j in length, the contents boiled, and then allowed to cool with- 
out the end of the tube bcins closed, so that the air enters at the 
ordinary temperature, and has free access to the interior of the 
/lask, even then no fermentation takes ^lace^ and no organisms ap- 
pear. His explanation of Una \a, vVitX Vk« «^ NtV^O^ «&Nx£c^ ^csi^ 
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meets with the hot steam, and the spores or organisms contained in it 
are killed ; while those which enter the tube later move more slowly, 
and are deposited on the moist walls of it without entering the body 
of the flask. 

To verify these and other researches of IM Pasteur, Prof. Jeffries 
Wyman, of Cambridge, has recently made a series of experiments to 
test the question.of the foitnation of minute iiving organisms in solu- 
tions of organic matter which had been boiled and exposed, in her- 
metically scaled vessels, to air which had passed through iron tubes 
heated to redness. Thirty-seven experiments were tried, and of 
these thirty-three were made at the ordinary pressure of the atmos- 
phere, and all but five supplied with air througn heated tubes. The 
solutions were boiled from fifteen minutes to two hours before being 
scaled, and infusoria appeared in all but four. The first indication of 
them was a film, which formed on the surface of the solution, some- 
times on the second day, generally during the first week, and occa- 
nonally not until the nineteenth day from the commencement of the 
experiment. The solutions consisted of mixtures of sugar and starch, 
with some albuminous matter, of the juice of beef sometimes filtered, 
and in other instances containing muscular fibre and vegetable sub- 
stances. Five ex(>eriments were tried in fiasks hermetically sealed at 
the be^nning, and then immersed in boiling water, in all of which 
infusona were formed. 

Four experiments were made with sealed fiasks in a Papin's di- 
gester, two of them under a pressure of two, and two under five 
atmospheres. Infusoria were found in one of each. 

The organisms consisted of Vibrio, Bacterium, Torula, minute 
Alsie, also small, round, or oval bodies, moving with vibrating cilia. 

In conclniuon. Prof. W}'man says : My experiments throw but little 
light on the immediate source from which the organisms in question 
havo been derived. Those who reject the doctrine of spontaneous 
generation in any of the forms in which it has been brought forward 
will ascribe them tc^pores contained either in the air enclosed in the 
Hask, or in the matenal^ of the solution. In support of this view it 
may be asserted that it has been proved by the microscopical investi- 
gations of Quatrefages, liobin, Pouchet, Pasteur, and others, that the 
^r contiuns various kinds of organic matter, consisting of minute 
fragments of dead animals and plants, also the spores of cr\'ptoga- 
mous plants, and certain other forms, the appearance of which, as 
Qaatrefa^es says, suggests that they are eggs. We have made some 
examinations of our own on this subject, but it would be unnecessary 
vo give the results in detail. We will simply state that wc have 
carefully examined the dust deposited in attics, also that floating in 
the air collccte<l on plates of glass covered with glycerine, and liave 
found in such dust, in addition to the debris of animal and ve;iotab!c 
tissues, which last were by far in the gn'at(»st abundance, the siK)res of 
cryptogams, Fomo closely resembling those of eonfervoid plants, and 
with them, but much less frequently, what api><»ared to Iks the ejrgs of 
some of iho invertebrate animals, thuugli wo were unable to identify 
them with those of any particular species. We havo also found 
grains of starch in both kmds of dust examined, to the presence of 
wbieh Pweh^t was the first to call attention. VfVi^n <iQ(Oi^^fts«L^\\k 
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the wholo quantity of dust examined, or even with the whole quan- 
tity of organic matter, both eggs and spores may be said to »b of 
rare . occurrence. AVe have not in any instance detected drietl ani- 
malcules which were resuscitated by moisture, and when the dust has 
been macerated in water none have appeared until several days 
aflerwardd, until afler a lapse of time wnen they would ordinarily 
appear in any organic solution. 

lliose who advocate the theory of spontaneous seneratioD, on the 
other hand, will doubtless find, in the experiments here recorded, ev- 
idence in support of their views. While they admit that spores and 
minute eggs are disseminated through the air, they assert that no 
spores or eggs of any kind have been actually proved by experiment 
to resist the prolonged action of boiling water. As regards Vibrios, 
Bacteriums, Spirillums, etc., it has not yet been shown that they 
have spores ; the existence of them is simply inferred from analogy. 
It is certain that Vibrios are killed bv beins immersed in water, Se 
temperature of which does not exceed 200° Fah. We have foond all 
motion, except the Brownian, to cease even at 180° Fah. We have 
also proved oy several experiments that the spores of common moold 
are killed both by being exposed to steam and b^ passing throuch 
the heated tube used in the experiments described in this article, tf, 
on the one hand, it is urged that all oi^anisms, in so far as the eariy 
history of them is known, are derived from ova, and, therefcHno, from 
analogy, we must ascribe a similar origin to these minute beings 
whoso early history we do not know, it may be urged with eqmd 
force, on the other hand, that all ova and spores, in so far as we know 
anything about them, are destroyed by prolonged boiling ; therefore 
from analogy we are equally bound to infer iwt Vibrios, Bacteriums, 
etc., could not have been derived from ova, since these would all have 
been destroyed by the conditions to which they have been subjected. 
The ailment from analogy is as strong in the one case •• in the 
other. — SiUiman*s Journal. 

THE ABTIFICIAL PBODUCnON OF VABIETrBS IN INSECTS. 

In a paper recently before the Entomological Society of Manchet- 
ter, Mr. Grcgson made the following statements : — 

Afler years of careful study of the habits and food of inaecta, I 
determined to ascertain if a cnange of food would give a change of 
coloring and marking to species liable to sport, and during Uie last 
ten years I have been pursuing my experiments. The results of my 
experience go to prove that most un(}uestionably many species, some 
of them hitherto not often thought bablo to vary, may be cultivated 
into varieties. For instance, Bucephala, fed upon sycamore, is much 
finer and darker than when fed upon any other food, though it is 
well known that this species is never found upon that tree in its na^ 
ural state. Afler enumerating many variations produced by changing 
the food of the larva) of insects, the author stated : " What will per- 
haps interest you most to know, and undoubtedly what I know best, 
and have ofbenest tried and succeeded in producing, is, that Arctia 
caja^ fed upon PetasUes oulgare^ or upon the common coltsfoot, will 
produce darker specimens than when fed u^on any other plant ; and 
ibo chances arc that when CqOL u^u \Xua l^xA wk&& ^ ^^ 
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win prove eztraordinariljr dark. But there is a angularity in the 
&ct tDat the darkest specimens so bred rarely open their wings." In 
opposition to the objections that such variations were the result of 
disease, it was shown that many of the specimens so varied were of 
larger and finer growth than the ordinary specimens. In the course 
of the remarks on this subject, Mr. J. Lubbock suggested the impor- 
tance of ascertaining the eficct of feeding successive generations of 
the same insect with substances calculated to produce variations, and 
ezpi%i0ed a hope that some entomologists would extend the observi^ 
over a series of years. 

DISTRIBUTION OF THE NERVES. 

In n paper recently communicated to the Ro^al Society, Mr. Beale 
that he has ascertained that the nerves distributed to the volun- 



tary mnscles of the frog do not terminate in free ends, but there is 
reason for believing that complete nervous circuits exist. In all cases 
the fibres resulting from the division of the ordinary nerve-fibres are 
so fine that many cannot be seen with a less magmfying power than 
1,000 diameters. And there is evidence of the existence of fibres 
which could be only demonstrated by employing a much higher magni- 
firing jx>wer. It is by these vcnr fine fibres alone and their nuclei that 
toe tissues are influenced, llie ordinary nerve-fibres are only the 
cords which connect this extensive peripheral system. Mr. Beale also 
finds the same arrangement in the nerves of man and the higher nuun- 
nalia. 

BED CORPUSCLES IN THE BLOOD OF VEBTEBRATA. 

In a recent communication to the Zoolodcal Society, London, Prof. 
Gnlliver, F. R. S., stated that there have oeen two parties differing 
essentially in their conclusions as to the structure or the corpuscles 
of the blood, both correct as far as they went The first party, of 
which Hewson was the representative, insisted that the red corpuscle 
is a vesicle inclosing a nucleus ; the second party, of which Dr. llodg- 
kin and Mr. Lister were the chiefs, were equally certain that Hewson 
was wrong, and that the red corpuscle has no nucleus. Prof GuUivcr 
showed, as the result of his researches firom 1839 to '42, that the red 
corpuscle of mammalia is destitute of any nucleus, while the red 
corpuscle of oviparous vertebrata, on the other hand, alwap has a 
nucleus. Hewson, having drawn his description from the corpuscles 
of fiish or fowls, was quite right so far ; and Ilodgkin and Lister, having 
examined only the corpuscles of man, were equally correct in the same 
restricted sense. Thus Mr. Gulliver's observations not only com- 
pletely cleared up the long existing discrepancies between former 
observers, but fairly settled this ^* vexed question of nucleus," as it 
had so long been called. 

Further, he asserted that the result of his observations clearly was, 
that the most important, because the most universal and fundamental, 
difference between the two great divisions of the vertebrate sub- 
kingdom, is the presence or absence of this nucleus; so that any one 
possessing a good microscope could at once plainly see the difiTercnco 
between the red corpuscles of these two divisions of vertebrata. It 
wat mImo abown that this character is perfectly g|owi iraca\y^S»c^\raf«^ 
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and throughout life, and in every age and sex, which was more thaa 
can be said of any other single diagnostic, whatever may be its imr 
portance. Hence Mr. GuUiver proposed to define the two diviaoM 
as follows : — 

1. Manmialia, animals whose red corpuscles of the blood are dei- 
titpite of nuclei. « 

2. Oviparous vertebrata, animals whose red corpuscles of the 
blood contain nuclei. 

He said there was no known exception to the accuracy of then 
definitions, and that he had proved in 1889 that oven the nngnlir 
oval corpuscles in the blood of Camelida were in size and structure 
truly mammalian. 

llie largest corpuscles among mammalia were shown to be those of 
the whale, the great ant-eater, and the elephant; and the smallest, M 
originally described by Mr. Gulliver, those of the musk deer. The 
largest corpuscles in the vertebrata are those of naked reptiles, and 
the most regular or least variable those of birds. 

Thus the microscope is fairly enlisted into the service of 83r8tematie 
xoology. The subject was followed out in detail througboat the 
different classes and orders *, and so plainly, that an observer might, 
by remarking the structure of the blood corpuscle, arrive immedialdy 
at results which, without the aid of the microscope, would have 
formerly puzzled the most eminent comparative anatomists. Ona 
minutest drop of the blood, for example, of the duck4>illed creatore, 
Omiihorhyncnus paradoxus, woulil have shown it to belong to liM 
mammalia, and this even in the most imniature specimens I 

DETERMINING THE ANTIQUITY OF SKELETONS. 

Some time ^o two human skeletons were found in stone ooffins aft 
Vertheuil, in the department of Seine, at Disc. • The bones, thoagh 
brittle, were in a penect state of preservation, and everything tended 
to show that these skeletons had been buried many centuries mgx 
M. Ck>nerbe, a chemist of some note, having obtained the shoolder- 
blade of one of these relics of past ages, subjected it to analysis, and 
found that it contained only ten per cent ot organic matter, beskles 
the usual mineral substances of which bones are composed. Now, ai 
fresh bones contain thirty-tlircc per cent, of organic matter, it fbUowi 
that the bones of the skeletons at Vertheuil had lost twenty-three per 
cent, of organic substances. From this fact M. Concrbtt has endeav- 
ored to deduce the age of the bones he has examined. ' M. Vogctong, 
he observes, has found that bones which had been buried eleven hun- 
dred years scarcely contained any organic matter; whence M. Cob- 
erbe concludes that three per cent, of organic substance disappean 
every hundred years. Applying this rule to the bones found m the 
earth at Vertheuil, he fixes the year 1110 as the probable period of 
the inhumation of these bodies, — a conclusion which tallies with the 
archaeological observations made by M. Leon Drouin, of the Acad- 
emy of Bordeaux. Hence M. Conerbe's rule is, to divide by three 
the loss of organic matter ascertained in a bone, the quotient will 
tben represent its age in ceiiW\Qa. T\jAa TxjXft^"^. Cwxarbe admits, 
may he liable to consideraYAe mQfda&(^aXAO\\& iro\ii n^t\!q»& ^YKsoautafer 
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eei: tlnu, for instance, bones must be differently affected according 
thej are exposed to the open air, or ii^nmed in a damp or dry 



THE BIRD OF PARADISE. 

Dorinff the past year, two male Birds of Paradise have been added 
to the cmlections of the Zoological Gardens, London, the first living 
tpecponens ever brought to Europe. They were obtained through the 
rafbrts of Mr. Alfred Wallace, the well-known English naturalist, who 
liaspablished an account of the habits and habitat of these birds. 

xae Bird of Paradise species is whoUy confined to the New Guinea 
and Am Islands of the South Pacific, and to a limited space, more- 
Ofer, of those countries. Am consists of a very large central island, 
and some hundreds of smaller ones scattered around it at various 
diitances, many being of large size, and covered with dense and lofly 
ftrests ; yet on not one of these is the Paradisea ever found (although 
many of them are much nearer New Guinea) ; but it is limited to the 
large island, and even to its central portions, never appearing upon 
the searooast In the central forests of Am it is, uowcver, veiy 
abnxidant, and fills the woods with a loud, harsh, oft-repeated cry of 
wokf wok, wot. Their plumage is in full perfection in May and June, 
which is the season of pairing. All are tlien in a state of excitement 
and incessant activity, and the males assemble together to exercise, 
dress, and display their magnificent plumage. For this {)urpose they 
prefer certain lony, large-leaved forest-trees (which at this time have 
no fiuit), and on these, earfy in the morning, from ten to twenty full- 
plomaged birds assemble, as the natives express it, "to play and 
oance. They open their wings, stretch out their necks, shake their 
bodies, and keep the long, golden plumes opened and vibrating, con- 
stantly changing their positions, flying across and across each other 
ftom Dranch to branch, and appearing proud of their activity and 
beauty. The long, downy, golden feathers arc, however, displayed 
in a manner which has, says Mr. Wallace, been hitherto quite un- 
known, but in which alone the bird can be seen to full aovantajs^e, 
and claim our admiration as the most beautiful of all the beautiful 
winsed forms which adorn the earth. Instead of hanging down on 
each side of the bird, and being almost confounded with the tail (as I 
belieye always hitherto represented, and as they arc, in fact, carried 
daring repose and flight), they are erected vertically over the back 
from under and behind the wing, and then opened and sp^ad out in a 
fiin-like mass, completely overshadowing the whole bird. The cfiect of 
this is inezpressibl;^ beautiful. The long, ungainly legs are no longer a 
defomiity, as the bird crouches upon them, the dark brown body and 
wings form but a central support to the splendor above, from which 
more brilliant colors would distract our attention ; while the pale yel- 
low head, swelling throat of rich metallic green, and bright golden 
eye, ffivo vivacity and life to the whole figure. Above, rise the in- 
tensely-shining, orange-colored plumes, richly marked with a stripe of 
deep red, and openinr^ out with the most perlcct regularity into broad, 
waving feathers of airy down ; every filament which terminates them 
distincSy jret waymg and curving, and dodn^j^ u^n esfib other with 
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the yibratoiy motion the bird pves them; while the two imwenpiily 
long filaments of the tail hang in graceful curves below. 

The natives procure the Bird of Paradise by building a small ibp 
artificial4ooking hut in tlie tree while the birds are absent, and shoot- 
ing them with arrows when a sufficient number have arrived, by 
concealing themselves in the hut. 

'* Nature/' says Mr. Wallace, '* seems to have taken eyery pracai^ 
tion that these, her choicest treasures, may not lose yaloe by beiiw 
too easily obtained. First we find an open, harborless, inhospitiiM 
coast, exposed to the full swell of the Pacific Ocean ; next a rugged 
and mountainous country, covered with dense forests, ofiering, to its 
swamps, precipices, and serrated ridges, an almost impassable ocunjer 
to the central regions ; and, lastly, a race of the most sava^ and 
ruthless character in the very lowest stage of civilization. In aadi a 
country and among such a people are found these wonderful proda^ 
tions of nature. In those trackless wilds do they display that exqoi&li 
beauty and that marvellous development of plumage, calculated tQ 
excite adnuration and astonishment among the most driliaed ni 
most intellectual races of man." 

POISONS NOT ALWAYS POISONS. 

Mr. J. Attfield lately read a paper before the London Phannaoeati- 
cal Society, in which he stated tnat he had discovered that some of 
the most active extracts in the pharmacopoeia — extract of colocynth 
and extract of nux vomica, for example — supported colonies of 
lively little animals, greatly resembling chceso-mitcs. They proved, 
in fact, to be a hitherto unknown species of acari. Other irritating 
substances have been known to support similar animals. Ginger hai 
been found to be infested with them ; but in this and similar caies it 
was supposed that they lived on the starchy matter, and rejected the 
active principle. But it was impossible that the^ could eat ez« 
tract of^Dux vomica without eating strychnia. It might be, however, 
that the strychnia was not assimilated. Mr. Attfield, therefore, cc^ 
lected some acarine excrement (the excrement floats on, while ^^ 
tract of nux vomica sinks in water^, tested it for strychnia, and only 
discovered a trace of that body, which he believed to have been dis- 
solved off from the extract by the moist excrement. But, to prove that 
these animals could live on food that was to other animals a deadly 
poison, Mr. Attfield took several of them from the extract and put 
some into microscopic cells containing powdered strychnia, and othen 
into empty cells. In two days those m the empty cells were starved 
to death, while those supplied with strychnia were as lively as ever. 
Some of the animals from extract of colocynth lived just as well on 
strychnia, and, indeed, seemed equally well, whether their food was 
colocynth, strychnia, morphia, or cheese. As " poison-mites ** rel- 
ished cheese, Mr. Attfield thought chcese-mites might relish poison. 
He therefore took pome from cheese and put them on powdered 
strychnia, but the experiment was fatal to them; they all died. 
Others, however, thrived on cheese, adulterated with twenty per 
coat, of strychnia. Mr. AU^eVOL luVs^t^ vV^x. «^^ dv^t strychnia, 
*^liich becomes oxidized Va t^e\x YAoodi^ oox.^ \\:& ^^oiS. ^ssssk^ss^o^ ^t^ 
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mored in the respiratorj process. The fact of an animal's bccomine 
haldtnated to a poison is not new. Men cat arsenic, opium, ana 
tobacco, until th^ir daily dose is sufficient to kill from two to ten of 
their species. Sheep have been known'to cat poisonous plants until 
their mutton produced serious eficcts on those who ate it. Hedfj^e- 
hogs will eat anythin[i;, and toads are indificrent to prussic acid. 
Drawings of tiiree acari discotered were exhibited, and Mr* Attfield 
•aid that Mr. Busk had decided that those found on the extracts of 
oolocjmth and taraxacum belonged to the same genus, but were of 
different species, and that those existing on nux vomica were gener- 
ally different from others. 

Mr. Deane noticed that the acari figured greatly resembled some 
fimnd a few years ago under very pecmiar circumstances. At a vil- 
]MgB near Colchester, the name of which we did not catch, a church 
was rebuilt, the floor being lowered to within a few inches of some 
coflfau that had lain under ground for two or three centuries. Soon 
itfler the new church was opened the pews were found to be infested 
with mites, so numerous in some places as nearly to hide the fittings. 
It tamed out to be a new species of acarus, and received the name 
of Acarus ecdenouticus, Tne parishioners were greatly alarmed at 
tlie visitation, and regarded it as a judgment of the Almighty for 
desecrating the graves of their forefathers. Mr. Deane added that 
the animal was very like that claimed to have been made by galvan- 
im, some years ago, by the late Mr. Cross. 

THE 8K0UT OF THE HOG. 

A t a recent meeting of the Boston Society of Natural History, Mr. 
Wilder described the muscles which move Uie snout of the hog. The 
elevator has a very long tendon, and its muscular attachment is verj 
far back, protected by a long ridge, and safe from all ordinary acci- 
dents; the depressor, on the contrary, is very short, and attached 
very near the terminal cartilage, both muscles of the important organ 
being tiius protected from injury. Ho remarked that while we con- 
sider the lonff snout of the hog, compared with that of common ani- 
mals, as a sign of what wo know to be his beastly nature, yet the 
saaie or^an, still further prolonged into the trunk of the elephant, 
chaoges its function with tne nature of the animal so as to be capable 
of executing very various and delicate motions. So that it is not 
always safe to take a single organ as an index of the nature of the 
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Four adifitioiial asteroidal planets hsTe been dn cor e red dnriBg tb 
put jear, "^^^^^ the whole naniber now recocnised serentf-AZ. 

The serentT-^ecood asteroid, tboi^ opticauj ^aeovered in 1M1| 
was first recognized as an individoal planet in January, 1862. lil 
detection is due to Mr. Safibrd. of Cambridge, Mass., who had htm 
ei^a^ed contemporaneoaslT with Dr. Peters, of the nandlton Col- 
lege Observatory, New York, in observing the planet Maia, discorered 
in the preceding April by Mr. Touk (see Annual of ScienHfic Dih 
eavejjy 1862, page 368). To this planet the name Feronia baa been 
given. 

The flerenty-third asteroid was discorered April 8, 1862, by Mr. 
Tattle, of the Cambrid^ (Mass.) Obserratorr, and has received the 
name Clytie, — a name Dome by a daughter of Oceanus and Tethyti 
in the ancient Greek m^-thology. 

The seventy-fourth asteroid was discovered August 29, by IL 
Temple, at l^Iarseilles, France, and has received the name of G(uatea» 
This planet is supposed to have been discovered by Mr. PaiUiarst, of 
New I ork, three weeks later. 

The seventy-fifth asteroid was discovered September 22, by Dr. 
Peters, of Hamilton College, New York. 

The seventy-sixth asteriod was discovered by M. D* Arrest, at Co- 
penhagen, and has received the name of Freya, the Venus of Scan- 
dinavian mythology. 

Asteroid fifly-nine, discovered by M. Chacomac, at Paris, in 1860, 
which has not heretofore been definitely named, has received dni^ 
iog the past year the name Olympia. 

The asteroid Daphne, which has persistently escaped tho re- 
searches of astronomers since its discovery in 1856, and wnich seemed 
hopelessly lost, is believed to have been rediscovered, and its ele- 
ments determined, during the past year, by M. Luther, of Bilk (see 
Annual of Scientific Discovery, 1862, pp. S69, 370). Some changes 
have been recently made in the heretofore received nomenclature of 
the asteroids. Pseudo-Daphne, tho asteroid mistaken in 1857 for 
Dnnhne, has received the name Melete. Asteroid fifty-nine has been 
dc8i<rnatcd as Olympia, and also as Elpis; sixty as Danae ; sixty-one 
n.4 Lcho ; sixty-two {vh Erato ; sixty-three as Ausonia; sixty-four as 
Una; and sixty-five as Cybele. 
asteroid nearest tlio buu\^ (^^^N^^wt^-iNNo^^ Ecrcmia; the one 
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most remote is (sixty-five) Cybelc. The orbit of Feronia is nearer to 
Mars than to Cybele. The jistcroid whose orbit has the least eccen- 
tricity is Concordia, being 0.04 ; and that which has the greatest is 
Polymnia, being 0.337; which is greater than that of any other 
known planet. The asteroid whose orbit is least inclined to the 
ecliptic IS Massalia, — inclination 0° 41'; that whose orbit is most in- 
clined is Pallas, whose inclination is 34° 42'. 

The method adopted by the German astronomers for determining 
the magnitude of the asteroids is, by comparing their reflecting capac- 
ities with that of other celestial bodies whose magnitudes arc known.' 
This process gives to Maia (sixty-six), discovered by Mr. Tuttle, of 
the Cambridge (Mass.) Observatory, a diameter of only 19.1 Eng- 
lish miles, if its reflecting capacity is equal to that of Saturn or 
Uranus, or 65.2 miles, if it reflects only the same proportion of inci- 
dent light that the moon does. This circumstance also aflbrds most 
striking testimony to the excellence of the telescope that it is capable 
of presenting to the eye and subjecting to measurement an object 
of such minuteness. 

COMETS OF 1862. 

Four new comets have been discovered within the year, and two 
of them were marked by features that give them considerable distinc- 
tion among their fellows. Among the distinctions which the first 
comet of the year enjoys are the geographical and historical circum- 
stances of its earliest discovery at Athens by M. Schmidt, and of its 
being the first physical discovery in the celestial spaces made there in 
modem times. After an absence of two thousand years astronomy 
returns to the land of Hellas, where its first theories were conceived 
and its foundations laid by such illustrious cultivators as Thales, 
Pythagoras, and Hipparchus. This comet was first detected on the 
night of the 2d of July, in Cassiopeia ; and it had, at that time, 
passed its perihelion ten days. It was visible to the naked eye for a 
short time as a nebulosity, having the lustre of a star of the fourth 
magnitude. It was remarkable for its great geocentric angular veloc- 
ity, and its proximity to our globe, but few comets on record having 
surpassed it in these circumstances. On the 4th of July it was only 
nine millions of miles distant from the earth, and was then moving at 
the rate of twenty-four degrees per diem, reduced to the arc of a 
great circle. 

The second comet of 1862 was remarkable both for its brilliancy 
and for its physical features. In these particulars it was surpassed 
only by the great comets of Donati and that of 1861. It was first 
discovered by Mr. Swifl, an amateur astronomer at Marathon, Cort- 
land County, New York, on the evening of July 15th, and was sub- 
sequently observed by Mr. Tuttle of the Cambridge Observatory, and 
Mr. Simons of the Dudley Observatory, Albany, on the 18th, three 
days later. The nucleus of this comet was estimated at about one 
hundred thousand miles diameter ; and the tail must have been not 
far from eighteen millions of miles in length, which is something longer 
than that of the great comet of 1861, which stretched so far across 
the heavens. This comet never came nearer the earth than thirty- 
five millions of miles, which is a distance nearly ihiei^ Ivoi^^ ^& ^^:^ 
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as that which the last-named comet had when nearest the earth. The 
most striking phenomenon noticed in this comet was the CTohitioo 
from the hew^ or nucleus of two sheaf-like streams of hmuDOOS mat^ 
ter in opposite directions, indicating two fixed centres of eruption. 
M. Secchi, the distinguished Roman astronomer, in descrihioff thb 
appearance, says : — ** The tail was simple, until the two reTersed jeti, 
or aigrettes, were well developed, so that no doubt could renraiD thai 
it was really these nebulosities which, in reversing themselTeSi pn^ 
dnced the tail" The periodicity of the jets at first suggested a ratft- 
tion of the comet about an axis, but the idea was not confirmed hf 
observation. The light of the nucleus and of the aigrettes was only 
polarized once, and then very feebly. The nebulosities, on the con- 
trary, were always strongly polarized. These facts indicate a differ- 
ent molecular condition, and M. Secchi suggests that the naclciis and 
the mgrcttes may have been formed of vapor analogous to our cloiidii 
which do not polarize, while the nebulosities had passed into a stata 
of gas which polarizes like our atmosphere. Ue adds, " We moAA 
also admit that the nucleus and the aigrettes were incandescent. Eat 
the supposition is a little difficult. After the perihelion passage there 
aj)pearcd vestiges of paraboloid surfaces enveloping the sheaTea of 
bgnt, as if the matter was being deposited in layers as the 
cooled." 

M. Chacomac, of the Paris Observatory, who observed this 
carefully, thus describes its phenomena: — '*Tho nucleus of the comrt 
emits, in the direction of tne sun, a vaporous jet, from which there 
appear to proceeJ particles of cometar^' matter, in the same way aa a 
jet of steam escapes from a machine. This preserves, during a cep> 
tain time, a rectibnear furm, which seems to indicate a connderable 
force of proiection emanating from the nucleus. Soon after, it cnrrev 
slightly, and presents the appearance of an arch<^ cone, ezhifaitiif 
a good deal of analogy to a cornucopia, such as they are generally 
represented. At this moment the gaseous particles accumulate at tlie 
extremity of the jet nearest the sun in the form of rounded cloodSi 
and this appearance seems to indicate that at this distance from the 
nucleus the force of projection is subdued by some resistance (^^rased 
to it. Some hours later this luminous jet assumes a diffuse aspect, and 
shows that the emission from the nucleus has ceased to continue in 
this direction. At the moment that it begins to change, and in an 
angle inclined thirty degrees towards the cast, one perceives the firrt 
traces of a new ray, whose development presents the same phases as 
the preceding one. Sixteen hours later one observes a new ray in 
the airection of the first one seen the night before, and this last, coiw 
tinning to change in this interval of time, appears dispersed in the 
hemispherical envelope, like a fog, hardly {>reserving traces of ita 
original form and direction. In these successive tranmrmations the 
new ray presents afterwards the same appearance as the one paralld 
to the radius vector." 

Since the disappearance of this comet, Mr. Saffbrd, of Cambridge, 

and other (European^ observers have determined, from a discussion 

of its elements, that tins iKxly is a member of the solar system, mov- 

ing in an elliptical orbit, with a \icT\od of one hundred and thirty-one 

t half years. The clW^^i^ Yui^ coQ^^on^f^ \iiOaTaiuffsii\A^^bj^'^^KBa 
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of the ecltpdc, and intcrBects it in the two zodiacal cons tellatione. Leo 
riiid Capricorn. It is estremelj' elongated, the outermost part lying 
.lu-^yinijpiice.on the southerly aide of the ecliptic, nearly as far bejona 
1 \.ii- orbit of the jilaneC Neptune as NepCuno hinisulf ia from the sun. 
^^'hcD in perihelion, or nearest the solar orb, the eomet is just within 
the orlut of the earth. It passed through its perihelion August 2!d, 
1S62, anil will uot return thei-c again before the year a.d. 1994. 
Tbii comet, although periodical, has never before beeu rect^iKed, 
which is partly due to the un&vorablc position for observation wUcti 
it had at former approaches to the sun. 

Two other comets were discovered in November and December, 
1862, by Dr. Brubna. of the Observatory of Leipsic, but little has yet 
been made known concerning them. 

Encle's CmneL — This little periodical comet again made its ap- 
pearance after a lapse of four years at the cIom of the year 1861, 
Siite near its predii/ted place, and, according to Mr. Bond, exhibited 
e same physical phenomena as it has presented on (bnncr occasions. 
Mr. Bona says t — At first it was quite di'stitute of any central eon- 
duoMtion — more so in fact than is common with even the faiuteBt 
V^BCopic comets. Tliis is its usual aspect when far distant from the 
nm. It loOD acquired greater consistency, and even exhibited an 
■Inxwt sparkline nucleus. It was for some time visible to the naked 
■!«, aad showed a respectable tul one degree in length. 

Iti moBt interesting peculiarity was a very deeideddisposilion of its 
nabnloaity on the a& towards the sun, conatituting a faint tail, aa it 
Unra, (»posed to the normal direction. This was tbrmed a long time 
Wilre the true tail made its appearance. It is by no means a new 
mtnzet as it is mentioned in its preceding apparitions by Struve, 
S^abe, Wlchman, and others. In 1848, and ag»n in I86S, it was 
PMticul&rly evident. The fact of its repetition in so many instances 
^rea B kindof individuality to this comet, distiuguishing it from most 
botUes of its class, and is interesting from il« associations with it> 
otherwise very remarkable character. 

Did the Earth past Ihroagh Ike Tail ofihe Great Comet o/"186l 7 — 
A review of all the phenomena of the great comet of June, 18G1, baa 
led astronomers very generally to the uelief that on the 3d of June 
oar planet actually passed through, or came in contact with, the ex- 
tremity of its t^I, with no other effect than an auroral glare, noticed 
by various observers. Admitting the probability of this concIuHon, 
it cannot be tiiought surprising Qiat there should have been at the 
lime so little sensible indication of its presence. Whatever may bo 
the nature of that wholly unknown material, there can be no ques- 
tion of its extreme and almost inconceivable attenuation. The air 
KG breathe may be as dense in comparison ntih it as water or even 
earth in comparison with air. Tlie minutest stars have been frc- 
qncutly seen uirough thousands of miles of it, and it even ceases lo 
be amenable to the all-controUing force of gravitation ; ta that New- 
Lon cdnsidcrcd that the tail of a crcat comet mi^ht be compressed into 
thu bulk of a single cubic inch Tieforc it would equal the density of 
ow atmosphere, and Sir J. Ilei^'hel supposes that it may not con- 
tain mori' than a few pounds or even ounces of matter. It would, 
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qnantity of it in tie immediate vioiDitr of any odo place c 
tiOD to render its presence manifest. Digtacce alone, bjr b 
particles into more apparunt conecntration, could gii'e it "i 
enough to beeome perceptible, just ns Ihe same cause couTerto tl 
DosuMlandal and scmi-lranspar^ut mist into tbe masnve aodpt 
ous-looking cloud. It nae a mora significant fact, and one which n 
not be generally known, that no electric or magoeiic effect w 
~ s perceptible during its passage ; for such influciices hsTe b 
— '" aumected in comctarj- phenomena, and might act i* 



itrongly i 
pendently o 
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any material adaiixlure. 
OBSKKVATIOKS ON MARS AND THE HOON 

In ISiSS, M. Secchi found the appearance of Mnrs differ 
erably from the drawings of Macdlcr, and other astronomers 
tiiB planet bos returned to its former aspect, and instead of exhib- 
iting large, complicated solar spots, showed them to be reduced la 
a small circle, as in Macdlcr. The great spots hod given plaM to 
rose-colored surfaces, traversed by blue canals, oa representfid is 
Seccht's picture of JSbS. From these changes he thinks do doatt I 
can remain that the polar spots conaut of guow or condensed dawk^ 
which the summer heat of the planet melts. The red sur^Kc lie i»- 
gnrds as land, and the blue canals as water- — Compte* Rendvs. 

Observations on Ihe Moon. — Mr. Losscl I, the well-known Eogfilh 
astronomer, who has recently established a magnificent ftmr^bot n- 
flecling telescope at Malta, states, in a letter lo the Preiodent of tin 
Boyal Society, that he observes the deialU of the moon witli & sharp- 
ness and distinctness which he had never seen before ; and savs thH 
if a carpet tbe size of Lincoln's lun Fields were laid upon its war- 
tlike, he could tell whether it was rouud or square. IJe adds, " I Me 
nothing more than a repetition of the same volcanic texture, — lb* 
same cold, crude, silent, and desolate character which smaller IcIa- 
scopes uiually exhibit" 

KEW TUEOltr OF COUETS. 
In an artjcle contributed to Sitltman't Journal, Mr. Benjamin Manb 
attributes the peculiar character of comctary mailer to tbe extreiM I 
and violent changes which it undergoes in its rotation rtmnd the aoB. I 
Hallej's comet, lor example, at one time approaches tbe son to 
within fifW-six millions of^miles, and then recedes to the enonnoM 
distance of thirty-three hundred and seventy millions of nulea. At 
the time of its perihelion, or least distance, it panes tbrongli om 
heliocentric degree of its orbit in 13.7 hours, anil receives in a girn 
time three thousand six hundred times as much heat as wbn it 
reaches its aphelion, or greatest distance, in which pontion its modM 
is so slow tl^t six and one.balf years are required for its ptMlga 
through one heliocentric degree. Thus it will be seen that i iwaft 
with eccentric orbits are subject to violent changes of lempentim 
and velocity which do not aoect planeta whose orbits approximate 
more cloeely to the circular form, and from this circumstance a 
ppeafer electrical disturbance and excitation may posdbly be pn>- 
daced. Mr Marslt gives a ta>i\e of tcu^vVk^Av. v.Qn>uXK,«ha«ia^ that 
llioeu which have exhvbUei t^iu gfwvVcrt i,ij\pti4q'! \,w:*: \iwEft 
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guishcd by extreme eccentricity, while comets of small eccentricity 
have been inconspicuous. From this law it forllows tliat brilliant com- 
ets have long periods ; and he tellis us that, with the exception of 
Bailey's comet, which performs its journ(»y in seventy-six years, no 
other first-class comet has a shorter period than one measured by cen- 
turies. Mr. Marsh likens the tails of comets to auroral streamers, and 
cooaders that their envelopes resemble the electrical discharges in 
Mr. Grassiot's vacuum tubes, the luminous character bein*;; derived 
from the solid particles which the electrical current transports from 
the nucleus, just as similar particles arc carried off from the elec« 
trodes in a vmtaic discharge. 

PROTUBERAN'CES ON THE SUN. 

Mr. Balfour Stewart, F. R. S., in an article in the Philosophical 
Maaazine, suggests that the mysterious red protuberances observed 
on Uie sun's bmit at the moment of total obscuration bear some anal- 
ogy to the terrestrial phenomena of the aurora borealis , and he ad- 
duces several arguments in favor of his 8U])position. First, he con- 
tends that the terrestrial aurora is the induced effect in the upper 
regions of small but rapid changes occurring in the intensity of the 
earth's mi^netism, which itself, according to Gen. Sabine, is influ- 
enced by the sun. These changes are coincident with auroras, and 
if in a measure resulting from the sun may 0(*ca>ion similar cflects in 
tiie atmosphere of that luminary. This idea being communicated to 
€ieD. Sabine, the latter further developed it by remarking that a solar 
anrora might possibly call forth simultaneous corresponcling auroras 
in all the planets, proportioned to their strength. Mr. B. Stewart 
concludes his paper with an enumeration of the points of likeness 
existing between the protuberances, considered as red flames, and ter- 
restrial auroras. These arc : 1. Their extreme height ; 2. Their great 
actinic effect ; S. Their red or violet color ; 4. Their unpolarized 
light ; and, 5. The curved appearance of some of the flames, similar 
in^eome respects to the auroral arch. 

SOME FECUUAR FEATURES OF THE bUN'S SURFACE. 

At the meeting of the BriUsh Association, 1862, Mr. Nasmyth gave 
a sketch of the character of the sun's surface as at present known. 
He described the spots as gaps or holes, more or less extensive, in the 
lonunous surface or photosphere of the sun. These exposed the to- 
tally dark bottom or nucleus of the sun. Over this appears the mist 
surface, — a thin, gauze-like veil spread over it. Ihen came the 
penumbral stratum, and, over all, the luminous stratum, which he had 
nad the good fortune to discover w^as composed of d multitude of veiy 
elongated, lenticular-shaped, or, to use a iamiliar illustration, willow- 
leaf-sha])ed masses, crowded over the photosphere^ and crossing one 
another in every possible direction. The author had prepared and 
exhilnted a diagram, pasting such elongated slips of white paper over 
a sheet of black card, cro.'^iing one another in every possible direc- 
tion in such multitudes <is to hidu the dark nucleus evervwhere, ex- 
cept at the spots. These elongated, lens-sha\HHl objects he found to 
be in oonatant motion relatively to one auotWi. TWj %naiv^*os&K3^ 
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approacbcd, sometimes receded, and sometimes they aesoiLed A Dew 
angular position, by one end cither maintaining a fixed distance or 
approaching its neighbor, wliilc at the other cml th<'y retired from 
each other. These objects some of which were as large in superfik^ial 
area as idl Europe, and some even as the surfaei* of the whole earth, 
were found to shoot in thin streams across the spots, bringing them 
orer in well-defined streams or comparative lines, as exhibited on the 
diagram; sometimes by crowding in on the od^esof the spot they 
closed it in, and frequently at length thus obliteratod it. These 
objects were of various dimensions, but in lenuth generally were 
from ninety to one hundred times as long as tlieir breadth at the 
middle or widest part. 

THE ZODIACAL LIGHT. 

In a paper on the above subject, read before the Bridsh Associa- 
tion, 1862, by Prof. Challis, the phenomena of the zodiacal light, M 
ffathered from observations made both in northern and in southern 
hititudes, were stated to be as follows : As seen in north latitudes, 
it appears in the west after the departure of twilight, as a very fiiinl 
light, stretching along the ecliptic, about ten degrees broad at its 
base in the horizon, and coming to an apex at an Stitude of forty to 
fifty degrees. It is most perceptible in the west in the months of 
February and March, at which time its apex is near the Pleiades. 
Sinular appearances are presented in the morning before sunrise in 
the east, m the months of August and September. The light seen in 
the autumn lies in the same direction from the sun as that seen in the 
spring. In the southern hemL<«phere, the appearances are strictly anal- 
ogous ; but the times and positions of maximum visibility are the even- 
ings in autumn in the west and the mornings in spring in the east. The 
portion best seen in the southern hemisphere lies in the cpposke di- 
rection from the sun to that which is best seen in the northern ham- 
sphere. The portion seen and the degree of visibility depend on the 
inclination to the horizon of the part of the ecliptic along which the 
- light stretches. The greater the inclination, the better it ». teeo. 
At the December solstice, opposite portions have been seen in the 
northern hemisphere, one in the morning, and the other in the even- 
ing ; and in the southern hemisphere opposite portions have been sim- 
ilarly seen at the June solstice. At these seasons, the ecliptic is 
inclined at large and equal angles to the horizon, at equal intervals 
before sunrise and afler sunset. 

Professor Challis attributed the zodiacal li^ht to an effect produced 
<m the luminiferous ether by the sun's rotation round its axis, com- 
bined with a motion of translation of the solar system through space. 
Shooting stars were similarly attributed to the effect on the ether pro- 
duced by the motion of the earth in a cycloidal curve, resulting from 
the same motion of translation and the proper motion of the earth in 
its orbit. 

COMrANlON TO SIUIUS. 

In 1861, Mr. Safford, of the Cambridge Observatory,- announced 
(see Annual of Scientific Discovery^ 18G2, p. 388^ that the irreffalai> 
/ties observed in the motion oC 1\\«\^t\^\> %Vax ^vc'wa ^^^mM be Tegiti- 
matcly accounted for ou tUe \\^'i^l\i«»a ol \\a T^N^iw.>MscL vKmnS^^iL 
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iimnble companion of no inconsiderable magnitude. This dnnounce* 
ment had hardly found its way into print, when Mr. Alvan Clark, of 
Cambridge, Massachusetts, through the agency of a new achromatic 
telescope (recently constructed by him), having an object^lass of 
eijgbteen and a half inches in diameter, and an illuminating pgwcr ex- 
eeeding by more than one-half any other achromatic in existence, 
diflcoTered an object near Sirius, hitherto unknown to astronomers ; a 
diseoTery since verified by many astronomers in this country and in 
Europe. It is somewhat difficult to assign a reason wh^ the exist- 
oice of this body has not been made known belbre, as it is readily 
▼inble through powerful telescopes, even a few minutes afler sunset. 
It, however, remains to be seen whether it will have to be the hith- 
erto invisible body dbturbing the motions of Sirius. Mr. G. P. Bond, 
in a communication to SUliman*s Journal, says of it: — It will reouire 
one, or at the most two years to prove the physical connection of the 
two stars as a binary system. For the present we know only that the 
^Rreetion of the companion from the primary accords perfectly with 
theory. Its faintness would lead us to aUribute to it a much smaller 
mass than would suffice to account for the motion of Sirius, unless we 
•appose it to be an opaque body or only feebly self-luminous. 

DISAPPEAKANCE OF NEBUJLS. 

One of the most mysterious and unlooked-for of recent phenomena 
in the heavens is the discovery of a change of lustre, and even dis- 
Mipearance of certain nebulsB. The nature of these phenomena is 
tans set forth in a recent statement published by Mr. Kind, the 
well-known English astronomer. Towards the close of 1861, it was 
aoDOonced by rrof. d' Arrest, of Copenhagen, that a nebula in the 
eopstellation Taurus, which was discovered on the 11th of October, 
1852, had totally vanished from its place in the heavens. That one 
of these objects, which the giant telescopes of the present day had 
tanght us to regard as assemblages of stars in myriads at immense 
distances from the earth, should suddenly fade away, so as to be 
qnite imperceptible in powerfnl instruments, must, I think, have been 
oeemcMi a very improbable occurrence, even by many who are well ac- 
qiudnted with the care and experience of the observer by whom the 
statement was made. Since the date of M. d' Arrest's statement, 
however, M. Lie Verrier has obtained so strong a confirmation of its 
accnracy that there is no longer room for supposing it to have ori^n- 
sted in one of those errors of observation which every practical 
astronomer knows will creep into his work in spite of all his precau- 
tions. 

The nebula in question was situated in right ascension 4 hours 18 
minutes 54.6 seconds, and north declination 19° 11^ 37,'^ for the be- 
ginning of 1862. It was, therefore, about a degree and a half from 
the star Epsilon in Taurus, in the group commonly known as ^* the 
Hyades.*' Its diameter was about one mmute of an arc, with a con- 
densation of light in the <*entrt> ; or its appearance was that of a 
distant globular cluster, when viewed in tck^'opes of insufficient 
power to resolve it into stars. From 1852 to 1856 a star of the tenth 
magnitude almost touched the edge of the nebula at its north-foUow- 
intg edge; it was at Grst remarked on the lA^l vXi<(^ Tif^^\)\»»^^]L ^ftr 

27* 
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tectedf liaving escaped notice on many occasions when its posits 
had been under examination with the same telescope and powers. 
Hence I was induced to hint at its probable variability in a note upon 
the nebula, published in No. 838 of the Astronomische Nachrichteiu 
The suspicion is fully confirmed; the star has diminished to the 
tweUlh magnitude, either simultaneously with, or soon after, the ap- 
parent extinction of the nebula. 

M. LeVerrier states that on the ni^ht of January 26th, 1862, the 
sky being very clear at intervals, the raris equatorial, which has an 
object-glass twelve French inches in diameter, was directed to the 
place m the nebula, but, notwithstanding stars of an extremely faint 
class were visible in its immediate neighborhood, not the slightest 
trace of it could be perceived. The star which d' Arrest and Mr. 
Hind had repeatedly noted, of the tenth magnitude, and almost 
touching the nebula, had dwindled down to the twelfth ; so that tel- 
escopes which would have shown it well between 1852 and 1856 
would not at present afibrd a glimpse of it. From the fact that M. 
Chacomac saw the nebula in forming a chart of the stars in that 
region in 1854, and did not remark it while reconstructing the same 
in 1858 with a much more powerful instrument, there is reason to 
infer that the disappearance took place in 1856 or the following ^ear. 
How the variabihty of the nebula and a star closely adjacent is to 
be explained, it is not easy to say in the actual state of our knowl- 
edge of the constitution of the sidereal universe. A dense bat invis- 
ible body of immense extent, interposing between the earth and them, 
might produce effects which would accord with those observed ; yet 
it appears more natural to conclude that there is some intimate con- 
nection between the star and the nebula, upon which alternations of 
visibility and invisibility of the latter may depend. If it be allowa- 
ble to suppose that a nebula can shine by light reflected from a star, 
then the waning of the latter might account for apparent extinction 
of the former ; but in this case it is hardly possible to conceive that 
the nebula can have a stellar constitution. It is at least curious that 
several variable stars have been detected in the region of the great 
nebula, in Orion; that in 1860 a star suddenly shone out in the mid- 
dle of the well-known nebula Messier 80 (about half-way between 
Antares And Beta in Scorpio) ^ which vanished in a few days, and that, 
as first remarked by Sir John Hcrschel, all the temporary stars, with- 
out exception, have been situated in or near to the borders of the 
MUky-Way — the star cluster or ring to which our system of sun and 
planets belongs. In the latter class are included the memorable star 
of n. c. 134, which led Ilipparchus to form his catalogue of stars, and 
those which blazed forth in 1572 and 1604, in the times of Tycho 
Brahe and Kepler. 

Prof. Secchi, the well-known Roman astronomer, also informs Mr. 
Hind that he has been unable to detect any traces of the nebula wi:h 
the powerful telescope at his command, and favored by the clear sky 
of his locality. 

M. d' Arrest, since the above statement of Mr. Hind, also announ- 
ces that he has detected a similar change in a nebula discovered hy 
Mr. TuttJe in February, 1859, and oii<i ^\afcwsiT^^ Vyj Mr. Temple io 
October of the same year. He t^^isit^^ o^MV'axv^v^ Q^\Ms^x5^\^^Ci&sai^ 



A8TB0N0MY AND ' METEOROLOGY. 319 

tkne nebabB as clearly established ; and meDtions, as a curious fact, 
tliat they are all situated iu the same celcstifd region, and in the 
Ticiiiity of the Pleiades. 

ANNULAR NEBULA. 

In a letter read before the French Academy, October, 1862, Mr. 
Lawelli the English astronomer, who has located his observatory at 
Malta, describes a new and marvellous nebula, situated in the 20th 
hour at 101 decrees 56 minutes from the pole. A 1480 magnifying 
power reveals inside the nebula an elliptical ring, perfectly well de- 
fined, and without anj apparent connection with the surrounding 
neboloos matter. This last, says Mr. Lassell, is like a thin veil of 
vapor, and not confounded with the marmn of the ring, whose splen- 
dor it diminishes very little. The nebulous envelope, a little more 
removed from the extremity of the conjugate axis than from the ex- 
tremity of the transverse axis, is in reality very fully prolonged, and 
it is difficult to follow its traces amongst the stars that precede and 
follow it. There is a star near its northern border in the prolonga- 
tion of its conjugate axis. The breadth or thickness of the nng 
diffen from that of Saturn in being nearly uniform throughout It 
appears, therefore, that if its form is really elliptical, wc must see it in 
a aiFection almost perpendicular to its plane ; while, if it is actually 
cixcnlar, it is presented to us a little foresnortcncd. A section passing 
throooh any portion of the space between its inner and outer sides 
would be circular. In other words, it is like a cylinder bent round 
tin both ends meet. 

At first I was inclined to refer it to the same class as the annular 
Debala of Lyra, chiefly on account of its central star, which was, 
however, of greater brilliance ; and, besides this, the resemblance is 
inoomplete, for the ring is much more symmetrical, and better defined 
at its edges. It suggests the idea of a compact assembla^ of bril- 
liant stars, like the milky-way. The brightness of the nns is not 
strictly uniform, the south preceding position being slightly more 
laminoaa. Mr. Lasscll proceeds to remark that observations on this 
nebola are extremely aiflicult, and that it was only when the fine 
climate of Malta afforded him a night of unusual clearness, and per- 
mitted the employment of a power of 1,480, that its details were re- 
vealed. He concludes thus : — ** I couiess I was strongly impressed 
with the appearance of this marvel, situated, without doubt, at the 
extreme limit of the regions accessible to our investigation, and 
aflbrding reason to believe that the heavens that are inviuble to us 
are peopled with systems more splendid than any which we are per- 
mitted to contemplate.** 

8ATURNIAN mENOMENA 

One of the most interesting «istronomical phenomena of the past 
year has been the temporary disappearance of the ring of Saturn, 
that is, from May to Aui;u>t. Tlic cause of this phenomenon is gen- 
erally understood ; but it may be well to refer to it in this place on 
account of some curious details connected with it. The position of 
this great plane (or rather assemblage of planes, the only mi surface 
tkai n^hww of in the unioerst) does not uo'wuivIq ^vUi Ulq ^^Lana of 
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ihe orint of Saturn ; if it did, it would always present its edge to tlie 
sun, and neither of 'its sides would receive more than a horiiontal 
illumination. Nor does it lie in the plane of the orbit Of the earth, 
which is inclined to that of Saturn, and, excepting in the two points 
where it crosses his orbit, has no reference to it whatever. But it b 
80 placed as to nuike a considerable angle (26^ 49^ 17^^) with the 
orbit of Saturn, and while it is carried round the sun with the planet, 
a remains always parallel to itself, since a fresh direction could only 
be the result of a fresh force impr^sed upon it from without ; and no 
such force exists. Hence, in the course of one revolution of Saturn, 
or twenty-nine and a half of our years, it turns first one and then 
the other ade to the sun ; and in passing from the one to the other 
position, presents to him for a short time its edge, in which sitoatiou, 
from its extreme thinness, estimated by Mr. Bond at less than forty 
miles, it will not reflect light enough to be visible at the distance of 
the earth, without the greatest difficulty. But this is not the sole 
condition of the phenomenon, which depends not only on the positiou 
of the sun, but of the earth also ; as the earth is but seldom exactly 
in the lino between the sun and Saturn, it may so happen that Uio 
edge of the ring, when not presented to the sun, may bo turned 
towards ourselves, and then again its thinness will withdraw it from 
sight. And there is a third case of partial disappearance when the 
sun and earth are on opposite sides of the ring, and we look on the 
darkened side. This latter conjuncture happened during the past 
year. 

Mr. Dawes, the Enghsh astroncnner, thus describes the appearance 
of Saturn on the 17th of May, 1862 : — With a power of six hundred 
and twenty on an eight and a half inch object-glass', the features of 
Saturn came out with beautiful distinctness, and the edge of the disc 
was sharply defined. The arms of the ring were scarcely at all visi- 
ble, a very faint ^leam of coppery light, at moments of finest vbiou, 
being the only indication of its existence beyond the disc of the 
planet. On the disc the projected ring appeared as a very dark linu 
a little north of the equator, and of uniform breadth. But 1 wuj 
much surprised that, under the finest definition with this high power, 
I could discern no trace of the shadow of the ring. I expected to see 
it, if the atmospheric circumstances were sufficiently good, as an ex- 
ceedingly fine black line stretched across the disc about a quarter of 
a second to the south of the inner edge of the projected ring ; and 
that the shadow of the satellite would travel almost centrally on the 
black line, a great pai*t of it, however, falling on the southern portion 
of the ring. But no such thing was to bo found. Nothing, I imagine, 
can more fully prove the almost inconceivable thinness of the riu*;; 
than the absence of all perceptible shadow. Had it even the lea^t 
thickness which has ever been ascribed to it, namely, forty miles, by 
Mr. P. Bond, of the Harvard Observatory (United States), it would 
be sufficient to produce a total eclipse of the sun on Saturn's eouator, 
as it would subtend an angle more than double that subtended oy the 
disc of the sun as seen from Saturn. 

A very curious phenomenon connected with the disappearance of 
Saturn's ring is a knotty &s]^t 'w\Aa\i \\. q&a'^ «s&>unji£& when re- 
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dnced to extreme thinness. This, as Olbera long ngo pointed out, is 
tbe mere effect of perspective foreshortening upon unequal degrees of 
illumination. The ring eonsists of concent rie zones of diflt'riMit de- 
grees of brightness; the ends of thests when viewed >erv obliquely, 
will, in proportion to their brilliancy, appear to project like- knots or 
beads upon the minute line formed by the fainter parts of the ring. So 
far the explanation is satisfactory ; and though these knots have been 
seen even when the dark side of the ring has been turned towards us, 
this has been accounted for by Bond as the reflection of the sun*s light 
from the edges of the rings,whieh we might see through their interstices 
from beneaui. But when we find the numlxtr of knots unequal on the 
two sides of the planet, as has often been noticed, and especially by 
Schroter and Having, in 1803, or when the two ansa; are unlike in 
length, or breadth, or continuity, or in the epoch of vanishing or reap- 
pearing, as in 1671, 1714, 1744, 1774, 1789, 1803, 1833, and 1848, we 
are obliged to infer some phyacal irregularity : either the rings do not 
all lie in the same plane, or they liave,as Schroter thought, mountain- 
ous prominences of great magnitude ; the latter idea, singular as it may 
appear, is countenanced hy the notched fonn of the shadow upon the 
ball which was several times seen by him, and since by Schwabo 
(probably) in 1848, by Lassell in 1849 and 1861, and by De La Rue 
also last spring. If this, however, is the cause, the rotation assigned 
to tbe rin^ by Sir W. Herschel from a movable protuberance in 
1789 must be abandoned, at least upon that ground, since his observa- 
tion, never since confirmed, is contravened by the stationary charac- 
ter of these projections. Rotation would not be incompatible with the 
idea of different planes ; but if we may credit the statements of a far 
inferior observer, De-Vico, who saw a lucid point adhering to the 
opened nntt in 1840 and 1842, it can no longer be maintained upon 
any ground, and the ring must be considered fixed. How to account 
for its stable equilibrium and permanency would then be a difficulty 
indeed ; for even with the powerful aid of rotation it has driven the 
American mathematicians (who have especially investigated the sub- 
ject) from the old idea of solidity ; Fierce taking refuge in the sup- 
position of a fluid, and Maxwell in an aggregation of unconnected 
particles. The great Roman observer, Secchi, inclines to the idea of 
a ffaseous or vaporous constitution. The faint visibility of the dark 
a& of the ring, when it has been turned towards us, which was re- 
marked by Herschel in 1789, and by Bond and Dawes in 1848, is 
am. additional puzzle, especially the coppery tinge which was detected 
in it by the mtter observer. It seems, from Bond's investigations, 
that it cannot arise from a twilight produced by an atmosphere sur- 
rounding the line ; nor is the direction of thi; sun*s ra^j's favorable to 
the idea of a slight transparen(^y, wliich otherwise its astonishing 
thinness would render very probable. Ahuost everything connected 
with this wonderful appendage seems at j)rcseiit involved in impene- 
trable myster}'. 

TUB ArrEAIJANC'K uF Till: KAinil IKoM VENUS. 

It is a curious and pleasant inquiry, what ni.iy l>e presumed to be 
the telescopic aspect of our globe from the planet \'eiius or Mercury ; 
aoJ though, of course, demonstrative cetVQL\ut^ vti >Xtf^ T^i,>^^ \& ^w^ 
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within our reach, we may be led to some iDtercsting ooDcliiSFions. Wc 
shall, of course, suppose the case of the nearest approach of either of 
those planets ^vhen they pass between ourselves and the sun. In such 
circumstances, an apparently retrograde motion will bring us up with 
a great broad disc into their midnight sky, and all our features will lie 
open before the distant observer's gaze. There can be little questioL 
that the distinction of our continents and oceans would be very pei- 
ceptible from the superior reflective power of the former as con- 
trasted with the absorlx^nt property of the latter, which, as is shown 
by experiments with the diving-bell, soon extinguishes the solar ray?. 
The general aspect of the land would, no doubt, be yarious from the 
effect of local color where sufficiently extensive, and the Ycgctation 
of the prairies and pampas would be readily distinguishable frcon the 
sands of the Sahara; but diversities on a smaller scale would be 
merged by distance in a compound gray of the third order of color. 
The appearance of the water would also be greatly contrasted in 
different parts, from its varying degrees of depth and consequent 
transluceney. Islands would, of course, be in general perceptible in 
proportion to their size as brighter s}>ecks ; but it may admit of a 
question whether an island, or, indeed, a line of coast, would be in all 
cases easily distinguished from an adjacent shallow sea. The polar 
regions of ice and snow would, of course, be strongly marked, with / 
their extension or contraction according to the time of year ; but, in 
consequence of the inclination of the earth's axis, their presentation 
would differ greatly at different seasons. If the supposed opposition 
of the earth should coincide with our European summer, tne north 
snows would alone be conspi^*uou8, entering far into the visible hem- 
isphere, but diminishing gradually with the continued action of the 
sun; if during our winter, the reverse would occur; in spring or 
autumn each pole would show its white segment at the edge or the 
disc ; but in every case, as our poles of temperature are not coinci- 
dent with our poles of rotation, and our continental are very different 
from our insular climates, the brightness of our arctic and antarctic 
regions would be unsymmetrical in extent, and their aspect would 
differ materially as different sides of our globe w^re brought round 
by our diurnal rotation. The frozen summits of such extensive ranges 
as the Himalaya or Andes would, no doubt, be perceptible with suffi- 
cient optical power; but the shadows of our mountains would, of 
course, DC equally invisible with those in the full moon, and from the 
same cause ; and it does not seem likely that even our largest river- 
courses would have sufficient magnitude to be seen. As the rotation 
of our globe, combined with the inclination of its axis, would, in suc- 
cessive oppositions, bring the whole of the surface before the eye, it 
might at hrst be thought an easy task to map all its outlines with 
precision ; but the atmosphere wouhl in all likelihood interpose most 
serious^ difficulties. From its property of transmitting red light, as 
shown in our sunrise and sunset, and in the face of the totally eclipsed 
moon, it will probably communicate a slight ruddy tinge to our disc, 
like a faint wash of red passed over a drawing ; but this hue would 
•V feeble, if at all apparent, in the (.'entre, coming out chiefly 
e oblique transit ol' t\\e Ta\ \\\to\\«V\ Vac^ ;\.U\\c«s.^Ucre towartis 
H of the globe *, and \t yfOxiX^i V><i vavm\\ft,xvA ^^xss^-^^^^jiJ^ 
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ilie confiuioii arising from the local condensation of its watery jiarti- 
clcs. There can be no doubt that Schriiter was mistaken in thinking 
that accumulations of vapor would appear as dark spots upon a plan- 
etary disc ; the old Hanoverian confounded the interior enect, or that 
proauccd upon an eye beneath them, which, of course, would be one 
of gloom from intercepted light, with the exterior aspect to a distant 
observer, which would oe eminently luminous, few bodies reflecting a 
more intense white light than the upper surface of a densely com- 
pacted ckttd ; and hence those rc^ons of the earth which are some- 
times for months together overshadowed by a cloudy pall, must, to an 
external eye, present a peculiarly white and luminous appearance ; 
while, for a like reason, the edges of the disc, where obuque vision 
would render vapw more perceptible, would possess not only the rud- 
dier, as before suggested, but tlie more vivid light. And thus it is 
easy to see how biSiing an impediment our atmospheiic variations 
most interpose in the way of any accurate comprehension and de- 
lineatioa of the features of our globe, and how the configurations 
which a distant observer would at one time congratulate himself upon 
having satis&ctorily traced, might, afler a short interval, be wholly 
defaced and obliterated, or so intermingled with the outlines of super- 
jacent vaporous masses as to produce a degree of entanglement re- 
quiring a long period for the extrication of anything like a reliable 
resolt 

THS FBE8ENCE OP AN ETHEREAL MEDIUM PERVADING SPACE. 

In a recent able communication to the Philosophical Magazine (Lon- 
ionVf on ihe " Phenomena which may be traced to the presence of a 
memum pervading space," by Prof. Daniel Vaughan, of Cincinnati, 
Ohio, the author calls attention to the ultimate eflects of an imped- 
iment due to the presence of assumed ethereal fluid or medium in the 
daric systems of remote space. In these ultimate efiects he finds an 
explanation of the temporary stars. He regards these celestial ap- 
paritions as indicating the existence of the ethereal fluid, and as 
manifesting the great revolutions to which this fluid leads in the con- 
ditions of the bodies in space. 

To combat the theory adopted by Arago and others, rrr- which 
assmnes that the ephemeral exhibition of temporary stars is due to 
the rotation of CTeat orbs, self-luminous on one side, and dark on 
the other, — Mr. vaughan urges that to make a partially luminous 

S here or sphercnd display its brilliancy to the inhabitants of f.he earth 
r only seventeen mouths, while its period of rotation has been fisti- 
mated at three hundred and nine or three hundred and eighteen 
years, ihe surface of the supposed distant sphere must be nearly twp 
hundred million times as great as the part of it sending light to our 
planet during the period of &:rcatest brilliancy. The light^ nioreqver, 
must have proceeded fi*om the verge of th(> invisible disc. And this 
circumstance, taken in connection with the surpiising brilliancy of 
the star of 1572, together with the iiivariabiliLV of its position, will 
compel us to ascribe to the spectral orb in (question a diameter far 
exceeding that of Neptune's orbit. Even, therefore, if stellar move- 
ments would permit us to suppose the cxistent-e of such stupendous 
gphereSf the explanation would bo applicable to one or two 



only; .<o tli.it it 1h re(|uisiti' t<) ifjiMt a h}j)()tli<'sis mIio.-o ilaiins rest 
solely on the greater imiKTiecliuns ut' others proposed to aeeount lor 
the same phenomena. As a better explanation oi' the phenomenon in 

3uc3tion, Mr. Vauj^hau teaches that the appearance is more probablj 
ue to the dismemberment of a secondary or primary planet, brought 
by the resistance to its motion in an ethereal medium mto fatal proiL- 
imity of the central sphere, — an exposition which, he maintains, 
harmonizes in a very decided manner with the astonishing rapiditj 
with which temporary stars attain their maximum brilliancy, and 
then assume a comparatively slow ami gradual decline. 

Investigations respecting the necessary course of physical events 
in the dark systems afford, the author further opines, still more im- 
portant evidence in regard to the etliereal contents of space. Were 
the central body composed of solid matter, or sorrounded with an 
atmosphere of oxygen, nitrogen, or carbonic acid, a development of 
heat and light might be expected to attend the dilapidation of one of . 
the satellites or the ultimate incorporation of its matter with the creat I 
orb ; but the appearance would not correspond to that exhibit^ by 
the temporary stars. 

''Admitting that a solid globe, almost as largo as the san, may be 
rendered so highly incandescent as to shine like the star of Id 72 at 
the period of its greatest brilliancy, it would be impossible for it to 
cool so rapidly as to become invisible in the coui'se of seventeen 
months. Besides this, it may be easily shown that if our earth had 
a diameter of eighty thousand miles, with its present densitv and 
snperfi(!ial temperature, our atmosphere would liavo its density re- 
duced a millionfold, with an elevation of six or seven miles. Thns 
the greater mass wo assign to the central body, the more narrow 
mnst we regard the atmospheric region where light can be developed 
by aerial compression ; and the less display of lustre could we expect 
from this cause when a satellite fell from its stage of planet arv exist- 
ence. But this difficulty will disappear, when wo suppose that the 
ether of space forms for the several great celestial bodies extensive 
atmospheres, which arc i*endered luminous by adequate compression, 
or ratner by the chemical action it induces, — a theory which oecomes 
necessary to account for the luminosity of meteors, and the perpetual 
brilliancy of suus." 

The various arguments in support of the idea of the existence of a 
pervading ether, while they difler widely in detail from one another, 
nave this in common, viz., that they are based on inference alone, or, 
as thc^ lawyers would say, on circumstantial e^'idence. The value of 
the evidence rests, consequently, on its accumulative character, not oa 
any direct fact. The danger oV the evidence lies in the absence of di- 
rect fact, and on the suspicion that sohk^ day a new and more compre- 
hensive theory of the univcrs*', an<l the fon-es by which it is animated, 
may step in and undo the very fouiuhitioiis of our present learning. 
Meanwhile, we are aetiii^r most judiciously in accepting, on the evi- 
dence adduced, the hypothesis of the existence of an ethereal me- 
dium. Many a human life has been sacrifieed to justice, and many a 
gigantic human enterprise been accepted, on evidence less dear, and 
rar less demonstrative. WVuAeAXviTQi^oTc^v?*? wnsln xQ^pret the insaf- 
£cicucy of our knowUd'n^ on i\i\s Y^T\.V^t\x i^^>u\V, >«(Vi^'5k ^^i. \k» 
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tigii for the day when all these things shall be revealed, we must rest 
on inference for the present, and remain content. 

Bat grantinff the existence of an ether of space, the question nat- 
urally arises, What is its nature ? Is it matter ? And, if matter, is 
it, as such, allied to any form of matter with which we arc conver- 
Mnt? 

To answer this question we must beein by asking another, which 
lufy indeed, been put for us by Humboldt, and on the primary solu- 
tion of which all our ability, all our possible reasons for the discoT- 
ery of the great and ultimate question, entirely turn. This prelim- 
inary inquiry suggests, whether, if an ethereal fluid really exists in 
■pace, it comes within our reach, — whether, in other words, it cont- 
nin^es, if the term is allowable, with our atmosphere, encircles our 
bodies, penetrates matter, and, from the regions of the illimitablo 
•pace, extends into those infinitudes into whic^ even the microscopic 
eye has not as yet efiectually penetrated ? This diflicult problem is 
wellmit by the great Grerman philosopher : — 

^The question of the existence of an ethereal fluid filling the 
regions of space is closely connected with one warmly agitated by 
T^laston in reference to the definite limit of the atmosphere, — a 
Hmit which must naturally exist at the elevation where the specific 
elasticity of the air is equipoised by the force of gravity. Faraday's 
ingenious experiments on the limits of an atmosphere of mercur}- 
(that is, the elevation at which mercurial vapors precipitated on gold 
leaf cease perceptibly to rise in an air-filled space), have given con- 
siderable weight to the assumption of a definite surface of the atmos- 
phere, snnilar to the surface of the sea. Can any gaseous particles 
DeloDging to the region of space blend with our atmosphere, and pro- 
duce meteordogical changes ? Newton inclined to the idea that such 
miffht be the case." i 

Bat if the evidence be at all worth anything on which the hypoth- 
esis <^ a universally diffused ether rests, then it must follow, of' neces- 
ttty, in answer to the second question suggested, that the ether of 
space does extend to the earth itself and to man himself. For if, 
to take one example, it be true that light is due to the undulations of 
the circumambient ether, then must tne undulating medium be per- 
sistent everjrwhere where light is demonstrable, so that we must 
accept the idea of its presence immediately around us, in admitting 
its presence altogether as a part of the universe. 

Here, however, speculation, we had almost said, ceases; at all 
events, reasonable speculation, based on any sufficiency of data, hero 
abruptly ends. It must be confessed that no kind of physical 
inquiry has led us by experiment to the recognition of any agent 
constituting a part of the matter around us, to which the tcnn either, 
used as retards the ether we arc tn»:iting of, can l>e applied. If such 
ft body exists, it is l)eyond our estimation of all that is material. It 
has no weight, according to our idea of weight ; no resistance, ac- 
cording to our idea of calculating resistance by mechanical tests ; no 
volume, on our views of volume ; no chemical activity, according to 
our experimental and absolute knowledge of chemical action. In 
plain terms it presents no known reagency by which it can be isolated 
mm BaiTouudinfi( or intervening nvaticr, vrVi\c\i\« Vwor^^. 

28 



826 AJsrsuAL of scientific discoysbt. 

And yet, though all is so far negative to us, we are not without 
glimpses of the possible nature of a medium such as has been sup- 
posed ; that is to say, if it exists at all, we may make an estimate 
of certain of its properties. It is indestructible for one property, and 
unchangeable ; by which we mean that it cannot be assumed to enter 
into combination, and so to change its original type and character by 
combination like a common combining elementary gas. As a sequence 
to this view the ether must be considered as negative in character, pei^ 
meating matter wheresoever it can gain entrance, and even perhaps 
adding to the bulk of matter, and communicating to it motion under 
external influence, but not combining with the parts of matter in any 
definite bond. Sensitive to all external mechanical influence, it must 
be susceptible of undulation to the highest degree, and, existing as 
matter, must take the gaseous type, and represeut that type in its 
most refined ideal ; so as to evade, in fact, all our present means of 
determining it, as material, by experiment ; and to be comprehensi- 
ble only when, accepting for the argument's sake the nndulatofy 
theory of light, we make a theoretical estimate of the undulations w 
light by the side of those of sound. Then truly we may admit, with 
mr. Yaughan, that as the medium which conveys light ocmveys it 
with nearly a million times the rapidity of sound, ** such meaiom 
must have a modulus of elasticity almost 1,000,000,000,000 as great 
as that of common air." 

The reader will glean from these observations the immense diffienl- 
ties which lie in the way of demonstrating by physical means the 
presence of the ether of space. But it wouM be very false argument 
to condemn the theory of the existence of this ether on the groond 
of the difficulty of demonstration. We will illustrate this by a nngle 
observation. We will assume that it were revealed to us beyond con- 
tradiction, bv some superior intellijrence, that an ethereal medium, 
having, as Mr. Yaughan expresses it, *^ a modulus of elasticity 1,000,- 
000,000,000 as great as common air," did exist around us ; we will 
suppose that we were further informed that the gaseous medium thus 
presented resembled one of our recognized bodies, having negafthre 
properties, — say, for example, nitrcMfen. Even then, with all our ap- 

Sliances, we should at this moment rail in being able to make a sinpe 
emonstration of the existence of such a medium. It would have to as 
nor weight, nor volume, by which it could be distinguished, nor chemi- 
cal agency, nor resistance that could be measured. Were we adven- 
turous in science, we might declare a conviction that the ethereal 
medium was a body negative like nitrogen ; in space refined ; but in 
the neighborhood of planets, within the sphere where the specific 
elasticity of air is equipoised by the force or gravity, more condensed, 
and more closelv resembling a gas, but as yet inappreciable. 

Finally, if there is an all-pervading ether, we are tempted to 
inquire. Of what use is it ? The answer here is less difficult to name 
than in the previous cases, but infinitely more prolonged if followed 
to its end. If there is an all-pervading ether, its uses are equally all- 
pervading, and are fitted rather to take description from the poet 
than the philosopher. We must not attempt the task, but leave it 
rather to the imagination to concevxvi, — Ww ^^mV^vVs^ bond connect- 
ing sphere with sphere, man w\t\imasi> ^aAuiJMi V^j^^^^m^"^ 
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« 

and reccmises in the universe, — how a sobtle matter, through 
which may be conveyed every touch from the finder of the Supreme, 
^^and how this alUpenetratinf; agent, entering into man as matt(^r, 
animatefl him into life, filling him with the tran<iparency of existence, 
and clothing him with intelligence. These suggestions we must leave. 
Tliey are philosophical vinous, in which, if we travelled too far, all 
our harder and baser arguments might dissolve and disappear. 

ACCUBACY OF MODERN ASTRONOMICAL CALCULATIONS. 

On the establishment of the American Nautical Almanac in 1849, 
it was found that all the large lunar cphemcrides, or tables used 
by European astronomers, were imperfect, and it was consequently 
deemed expedient to prepare a new set of tables for use in the prep- 
aration of the Almanac in question. The work was accordingly 
entered upon and completed. A recent writer in the North Ameri- 
can Review publishes the following striking illustration of the accu- 
racy of the tables thus prepared, and of the fidelity with which they 
give the moon's position : — 

*' The smallest round object visible to the unassisted eye subtends 
an angle of about a minute, and two such objects will, to an ordinary 
eye, seem like a single object if their distance apart is less than 
three minutes. To the naked eye the two stars, E Lj/rce^ present 
the appearance of a single star somewhat elongated ; their distance 
apart is something more than three and a half mmute^, yet this seem- 
ingly inappreciable space must be divided into sixty portions, in order 
that each portion may be equal to the average diiTcrcncc between 
the real position of the moon and that predicted from theory in the 
tables in question. Now the time of the rising of the theoretical moon 
win very seldom difler half a second from that of the real one. 

'' An example of the amount by which a planet must wander from 
its as8igne<l orbit, to produce a commotion in the astronomical world, 
is furnished by those anomalies in the motion of Uranus which led 
to the discovery of Neptune. After being for thirty years a source 
of perplexity to astronomers, they wore measured with such accuracy 
aa to indicate, within a degree, the direction of the planet j)roducing 
them. Yet if two stars, visible to the naked eye, had moved through 
the heavens during those thirty years, one keeping in the position of 
the actual Uranus, the other in that of the theoretical Uranus, the 
naked eye could at no time have perceived any indication that the 
two did not form a single star." 

THE EXTENT OF OUR SYSTEM OF STARS. 

« 

One cosmical question which theoretical considerations have grentlv 
uded us in limiting;, is that of the infinite extent of our svstom of 
stars. To the reflective astronomer, as he sounds depth aftor depth 
of the starry systems, to all appearance bottomless, no subjcrt of 
speculation would appear more attra<'tive. As in all other qnc»ptions 
which we an» not abie to solve by dire^'t experiment, wo nnist bc;rin 
by asking what consequences would follow from the aflirmativo and 
the negative of the question respectively. Starting from the hypoth- 
esis that in&uito space was scattered wilYi sIslt^ Tc^'aXVx^^sii^Vvi^^ 
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no difficulty in proTing tlial, nnlesB the Hglitwere Bbnrbed il ila 
pasaase through space, the whole celestial vault woald be one bUm 
of light, brilliant as the noon-day son, on which the moon and planets 
would appear as dark patches. It was therefore concluded uy Chd- 
seaux and Olbers, that the celestial spaces probably contained some 
ether, which possessed the power of absorbing light This theory 
was subjected to a test by Struve, in hisworic entitled Eindet de rAg" 
tronomie Stellaire, in the following manner. If the stars are equally 
distributed through space, and are of eqnal absolute brilliancy, the 
number of stars of each magnitude would be .at least four times as 
great as that of the next larger magnitude, supposing that no light 
were lost. An extinction of light would lessen the propordonate 
number of small stars. Now this is precisely what is found to be the 
case : whence it is concluded, either that the stars are more numeront 
in the neighborhood of our system, or that light is absorbed. Con- 
sidering the former horn of the dilemma very improbable, Stmre 
adopts the latter, though it cannot yet be considered as an established 
theory. One object of Struve's investigation was to show that the 
idea of an infinite universe was not incompatible with the appear- 
ance of the heavens. But this is not the only difficulty to whicn the 
hypothesis of such an infinite universe as we have supposed would 
lead. Unless heat as well as light is absorbed we shoula experience 
a temperature compared with which that of a reverberatory furnace 
would be as the fix>zen pole. The principal difficulty, however, would 
be that resulting from the attraction or the infinite mass of stars. 
The attractions of the different parts of such a mass could not coun- 
terbalance themselves anywhere, and some systems would be exposed 
to an infinite attraction. True, it is difficult exactly to define what 
stars would come into this category. At first sight it might appear 
that, since each star is equally surrounded by an infinite series of 
other stars, each ought to be equally attracted in all directions. This 
Conclusion would bo correct, if the combined attractions of the nKHre 
distant stars gradually diminished, so as to vanish at infinity. But, 
although the attractions of the separate bodies do diminish as we 
increase the distance, yet the entire number which will be con- 
tained in a spherical surface, at any given distance, will increase in 
the same proportion that the attraction will diminish, so that the 
combined attraction will not vary at all. Now, if we examine the 
reasoning on which the conclusion cited above is based, we sliall find 
that it tacitly assumes that for every attracting mass of stars on one 
side of any star, taken at pleasure, there is an equal attracting mass 
on the other side to counterbalance it. We thus profipj^ to compare 
two infinite magnitudes, and pronounce thorn absolutely equal. But 
two ma;niitudes can be pronounced absolutely eqiial only when cer- 
triin relations exist between their boundaries. Now, by hypotheds, 
our magnitudes are infinite, therefore without bounds, aiad tnerefbre 
without means of comparison, so that the whole reasoning is iUosory. 
Moreover, it is mathematically demonstrable that, if the stars in any 
one position were in an equilibrium as to the opposing forces, thit 
could be the case in no other position. 

It must be understood t\\at wo\\ave ^w^^wc ^\«:k^Tv ^^ l\v<ft infinite 
ir^tenc of stars as scattered \n^\«itT\mai«X.^^' , wA. niSj^v "a. ^^siMbk^ ^ 
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prMcb to imifomiitjr, ihrongh space. But the liTpothesis of an in- 
Ihiite increase does not necessarily involve this arrangement, or any 
of its attendant diflicnltics. We need only suppose, with Lambert 
and others, that the mode of formation wliich wc see carried out in 
thow portions of the universe visible to our eyes is continued to in* 
finity, that out of a proper number of systems of a lower order sys- 
tems of a higher order arc formed, and that the separate systems are 
always placed at vast distances, compared with the dimensions of the 
■ystem. The lowest s^'stcms in this series arc composed of a planet, 
with one or more satellites, the dimensions of wbicli, astronomically 
■peaking, are inconsiderable. The separate planets are formed into 
too solar system, being ])laced at distances of hundreds, or even thou- 
■ands, of millions of miles. The fixed stars, which are supposed to 
be the centres of solar systems like our own, arc placed at distances 
so great that the entire dimensions of our solar system are but a point 
in the comparison. There may be great numbers of other starry sys- 
tems or muky-ways like ours formed into a system, a collection of 
tliese systems into another, and so on, without end. Of course we 
are now in the domain of pure speculation, as all systems of a higher 
order than those composed of inuividual stars must remain forever in- 
Tiiihle to mortal eyes, and while man dwells on our planet he has no 
more means of becoming acouainted with their existence than he has 
of seeing the inhabitants of Neptune. The subject may therefore bo 
dismisBca with the remark, that the arrangement is not, so far as can 
be seen, carried out with perfect regularity. Other starry systems 
■oem to merge insensibly into clusters, forming part of our nulky-way. 

THE INCLINATION OF THE PLANETARY OBBITS. 

Li a recent communication to the British Association, by Professor 
Hennesinr, on the above subject, the author stated, that on consulting 
a synoptic table of the planetary elements, some law had been obtained 
for the oUier elements, but none hitherto for the inclinations of the sev- 
eral orbits. This he conceived arose from the inclinations being set 
down in reference to the plane of the earth's orbit ; for he found that 
a very remarkable relation nuinitested itself when they were tabulated 
in rererence to the plane of the Sun's equator. The author had writ- 
ten on the board two tables : one, the onlin«iry table in reference to 
the ecliptic ; the other, that to which ho wished to draw attention, 
having reference to the plane of the Sun's eijuator. In the latter, it 
was seen as a general law th«it the inclinations of the planetary orbits 
increased as the distances of the several planets from the sun inc^reased. 
Thus, the inclination of the orbit of Mercury to the plane of the Sun's 
e<iuator was but 0' 19^ 61'^ while that of l^ptune was 9" 6' 51// ; the 
only conndcrable deviation from regular progression being found, as 
might be expected, among the asteroids : of which, if we take Victo- 
ria as a type, her inclination is no less than 15* 42' 15'^ The author 
considered that the fnr't that the orbits of the lanrcr planets, Jupit(»r, 
Saturn, Uranus and Neptune, are not inori'. inclined, wouhl seem to 
confirm a surmise of I^a Place, who, in his Expusition du Systlimc du 
Mondty speculates on the onler in which the planets were thrown off 
from the Sun, and supposes that Juniter, Saturn, etc., were thus formed 
loDg befaro Mercury, Venus, the Earth amd lAaxv ^ v^>^^ ^cSotor 
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nets of tho Sun would in ito conditioii at that time have tended mora 
powerfully dian in its sabeequent or present state to keep the planets 
near the plane of its equator. The discoYery of this law regulatinj^ 
the inclinations of the planetary orbits appeiured to him anot£r addi- 
tion to the class of facts which establish the analoey between the solar 
system and that of Jupiter and his satellites, it being well known to 
astronomers that the inclination of the orbits of the latter to the plane 
of Jupiter's equator was a function of their distances and 



ASTRONOMICAL OBSEBVATIOXS WITH THE SrECTBOSCOPS. 

Mr. Lewis M. Rutherford, of New York city, ccnnmunicates to 
SUlman's Journal the results of some analyses of the spectra aflforded 
by the light of several of tho planets and of the fixed stars, of which 
we give the following suuunary : ** The Sun's lines generaUy find 
their counterpart in the lunar snectrums. In the spectrum of Jupiter 
are found two bands in the rea and orange whicn are not fi>nnd in 
the solar spectrum. It may be that those are absorption bands, due to the 
action of the atmosphere of the planet,- and the application of soffi- 
cient optical power may resolve them into lines. 

^ " The star-spectra present such varieties," says Mr. R., *' that it is 
difficult to pomt out any mode of classification. For the present I 
divide them into three groups : first, those having many fines and 
bands and most nearly resembling the Sun, viz., Capella, fi Geminomniy 
a Ononis, Aldebaran, / Lconis, Arcturus, and ^ Pesasi. These are 
all reddish or golden stars. The second group, of which Sirins is the 
type, present spectra wholly unlike that of the Sun, and are white 
stars. The third group, comprising a Virginis, Rigel, etc., are also 
white Stan, but show no lines : perhaps they contain no mineral sub- 
stance, or are incandescent without llamc. 

** It is not my intention to hazard any conjectures based upon the 
foregoing observations ; this is more properly the province of the chem- 
ist ; and a great accumulation of accurate data should be obtained 
before making the daring attempt to proclaim any of the constituent 
elements of the stars. 

'* One thought I cannot forbear sugtrcsting : we have long known 
that * one star diifcreth from another star in glory ; ' we have now the 
strongest evidence that they also diiUir in constituent materials,— 
some of- them perhaps havinp: no clement:) to be found in some 
other. What then becomes of that homo«;uneity of original diffuse 
matter which is almost a logical necessity of the nebular hypothesis?" 

NKW ASTRONOMICAL HYPOTHESIS. 

A writer in one of the late Kn^^Hsh reviews submits for considera- 
tion the followinjr astronomical hypothesis: — 

" Whether M. Maedler's discovery of a central sun round which our 
whole solar system is rcvolvin;; with scaivcly conceivable rapidity may 
not aflford an instant explanation ot* the planetary ellipse V 

** E%'ery one ac(|uainte(l with the m'-rc alpliahet of astronomy is of 
course perfectly aware that tht» ever m(.Mnorable problem propounded 
by Sir Isaac Newton in re\at\OT\\.o\\\<i\^aivvi\.wN wViWa ^^^veiased itself 
Utendly in theao ipstssima verba : — ^ To ^^eAArni^tw^ >^^ \!ib^}ss^ ^ ^^^ 
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nUeh a body would describe in its reTolatiQn about a fixed een« 
tre to which it was attracted b^ a force proportional to the mass of 
the attracting body, and decreasing with the distance according to the 
law of gravitation ; ' Copernicus having preyiously surmised that the 
plamrtanr orbits were circular, while Kepler, on the contrary, had sug- 
g w le d that th^ were elliptical. Every one of us, moreover, delights 
to recall to mind Newton's almost rapturous amazement when he 
tend that the answer to that problem was the general algebraic ex- 
prasioo embracing all the conic sections — the planets revolving in 
ellipses, the satellites of Jupiter in circles, the comets in orbits both 
panbolic and hyperbolic. 

^ Accepting with the reverence due to it cverv iota of that sublime 
demonstration, and bearing in recollection, with all homage for Sir Isaac, 
erenrthing he has written thereupon about the centrifugal and centri- 
petal forces, may we not now ask ourselves anew — now that we are 
ftodvinff the phenomenon of the planetary ellipse by the light of that 
iiewly-&covered grander central sun of suns, opened to view so very 
recently by the researches of M. Maedler, of Dorpat — whether there 
inay not lie near at hand, already within our {p*asp, a much less recon- 
dite and far more easily comprehensible solution V 

^ Granting, as astronomical science does grant nowadays, that the 
whole solar system, sun, comets, planets, satellites, are moving, whirl- 
ing through space at the rate, it is computed, of 150,000,000 miles in 
a year, — wheeling onwards in the direction of a particular point 

in the heavens, namely, the star ^ in Hercules, speeding on in a cir- 

cnit of such gigantic dimensions about that mighty central orb (Al- 
cyone, the prmcipal star in the Pleiades) that it requires for the com- 
pletion of its stupendous orbit the lapse of no less astounding a cycle 
of years than 18,200,000 *- is it not really conceivable, that in the 
whirling of those concentric rings, the planetary orbits, along the path 
of that marvellous circumference, the circles would by the vei^^ swift- 
ness of their flight be lengthened — that from being circular they be- 
come elliptical ? — precisely as the revolution of the earth upon its 
axis causes it to be flattened at the poles while it increases its diame- 
ter at the equator, rendering its form no longer a perfect sphere, but 
rather what is geometrically designated on oblate spheroid. If what 
may be called with the strictest accuracy the eternal law of celestial 
dynamics manifests itself thus distinctly by its operation upon solid 
inert matter, how much more comprchcnsiDle that it should be as dis- 
tinctly evidenced through a more elastic medium — not upon an orb, 
bot on an orbit" 

NEW VIEWS BESPECrmO THE ATMOSPHERE. 

M. Quetelet, the well-known Belgian meteorologist, in a recently 
published woric, " Sur la Physiaue du Globe** expresses some views 
respecting the constitution of tnc atmosphere different from those 
hitherto generally entertained. He supposes (with Bunsen and others) 
that the atmosphere extends to a height of 150 or 200 miles ; that the 
oxygen and nitrogen arc kept mingled by the currents of the at- 
mosphere, so that at all accessible altitudes there is no appreciable dif- 
0N^nce in the proportions of these two gaaea. ^La v^y^mw^ W«^s^«» 
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that it k only tbe kyvrer portion of the atmospbeie wbieh ii 
in tl^ state of agitation ; that the upper portion may be perfeetly 
tranquil, and here the prc^portions of the two gases may change ; and 
they may perhaps be disposed in separate strata in the order of theb 
specific gravities. He supposes that the cirri, the lightest of theekHid% 
are formed in this lower portion of the atmosphere, near the boaadarf 
which separates it finom the upper and undisturbed portion ; while it ■ 
in the upper portion of the atmosphere that shooting stars and annmi 
appear. The upper portion he calls the stable atmosphere, and tht 
lower portion the unstable atmosphere. He conceives that by the 
study of shooting stars we may ultimately arrive at a knowled^ of 
the composition of the stable part of the atmosphere. We obeerre 
these meteors at elevations of 140 to 160 miles; they increase hi 
brightness as they approach the earth ; they disappear entireiy as they 
approach the lower part of the atmosphere, as lif they entered a oie- 
dium which had not the elements necessary for their continued bril* 
liancy. 

He questions whether the time of rotation of the still atmosphere it 
the same as that of the earth ; and suggests that this circumatanoe 
may perhaps explain the slow rotation of the magnetic poles of the 
earth. 

As the editor of Silliman's Journal has remarked, *' physicists will be 
slow to accept M. Quctelet's novel ideas on the constitution of ikm 
atmosphere, unsupported as they arc by experiment and in conflici 
with long-establisned laws." 

INFLUENCE OF TREES UPON TEMPERAT0BE. 

M. Becquerel has made in the Jardin des Plantes, with a sensitita 
thermometer, certain observations at different hours of the day, hf 
comparison of which it was found that about S p.m., when the tempesr- 
atnre is highest, the difference sometimes amounted to 2^ or 3^ in &- 
vor of the atmosphere above the tree, whilst at sunrise, after a dear 
night, the excess was on the other side, on account of the nocturnal 
radiation. This experiment proves the cooling of trees and the at- 
mosphere surrounding them under the influence of nocturnal radiatioQ* 
Veffetables near a wood are sooner affected by spring frosts and the 
cold of autumn than ve^tablcs at a distance mmi them. Under the 
influence of solar radiation above the trees, there is a current of warm 
air ascending during the ni^ht, and in the momine a current of cold 
descends to cool the soil. When the sky is cloudy these differences of 
temperature are very small. These experiments of M. Becquerel also 
prove the correctness of the conclusions of Humboldt from the observa- 
tions upon the temperatures observed at thirty-five stations in North 
America, extending over 40° in longitude, namely, that the mean an- 
nual temperature over this extent of country has not been sensibly 
chanji^cd oy the great destnictiqn of wood which has taken place dur* 
ing the time of the observations. 

THE WEATHER AND THE SCINTILLATION OF^HE STARS. 

In a communication recently made to the Paris Academy of Sciencei^ 
^ Liandieri it is stated that the occurrence of stonns and similar 
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ebaages in the weatlier may be predicted from twenty-four to twenty- 
tafjbA ham beforehand, by observing the scintillation of tbo stars, 
as ahown in a telescope. The image of a star in the object-glass is, in 
hctf A mirror which reflects the condition of the atmosphere through 
which the rays pass. The best indications of the state of the upper 
strata of the atmoa>here are said to be obtained from a well-dcnned 
image of a star of the first magnitude, when near its point of culmina- 
lion. At first, there may be seen, moving apparently in all directions 
Bcrom the image, vibrations or waves more or less briuiant, and obscure 
or oolored. By examining these waves carefully, it will be perceived 
that they cross the disc in one direction, thus showing the direction in 
wUch currents of air are flowing at that moment in the upper regions 
of the atmosphere. The telescope may thus sometimes serve the same 
purpose as a weather-glass. 

MEAN TEIIPERATUBE OF THE EABTH. 

The depth at which the annual variations of temperature disappear 
Taries considerably, not only with latitude, but with changes in the na- 
tnre of the soil and rocks in the same place. 

M. Quetelet, the eminent £uro{)ean physicist, in his recent work, 
*' Phtnique du Globe" gives some interestmg statistics illustrative of 

Thus this depth is found at Zurich at 83.7 French feet ; Strasbui^, 
at 81.6 ft. ; Heidelberg, in compact clay, 83.3 ft. ; Schwelzingen, in 
sandy earth, 89.8 fl. ; Bonn, 72.6 fl. ; Paris (in the Obser\'atory gar- 
den), 69.4 ft. ; Leith (Mr. Ferguson's garden^, 54.7 fl. ; Edinburgh, in 
trap, 55.5, in sand 66.2, in sandstone 9G.G ; tJpsala, 1st scries 62.6, 2d 
senes 61.9 feet The mean of these is 73.1 ft. Only below this mean 
depth do we encounter the central beat of the earth, which corres- 

Smds to about 1^ for each 48 feet, and the effect of which on the 
umal and annual variations above the plane of no variation must be 
inappreciable. 

SAIN FOLLOWING THE DISCHARGE OF ORDNANCE. 

The following communication on the above subject has been made 
to the Manchester (£ng.) Philosophical Society by Mr. Baxendale: — 

^ New facts drawn from the American war have been adduced in 
support of the view that a violent concussion of the air by the dis- 
charge of heavy artillery has a tendency to cause a copious precipitar 
tiOD of rain. (See Annual of Scientific Discovery, 1862, p. 392.) 

^Now, if we may be allowed to regard this efu^ct as an established 
fact, it seems to me to bo one of some interest in connection with the 
disputed question whether, in thunder storms, a dischai^i^e of lightning 
is the cause or the consequence of the sudden formation of a heavy 
shower of rain. Almost every day's experience, in this climate at 
least, shows that the production of rain is not dependent upon sudden 
discharges of electricity irom the (rlouds ; and no evidence has ever 
been brought forward to prove that a high degree of electrical tension 
in a cloud has a tendency to prevent the resolution of the cloud into 
rain. Heavy showers oflc?n fall from highly electri6ed clouds without 
any visible discharge of electricity taking place. We are, tbcrcforci. 
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not entitled to assome that the sudden diminution of the electrical 
tension of a cloud hy a lightning dischaige can have any material in- 
fluence upon the rain-forming processes going on in the cloud. As, 
however, very heavy showers or rain do aunost invariably follow light- 
ning dbchai^es, it seems necessary to seek some other cause to account 
for them. But if we admit that a violent concussion of the air has a 
tendency to facilitate the conversion of rain-forming material into 
actual drops of rain, then we may well suppose that the violent con- 
cussions produced by lightning discharges, acting on such enormous 
and dense masses of rain-forming matenal as are usually collected in 
heavy thunder clouds, are amply sufficient to produce these sadden 
and heavy showers of rain. 

*' I am aware that the effect of a discharge of ordnance is usually 
supposed to be produced by an upward current of air caused by tlie 
heat and the gases evolved during the combustion of the gunpowder ; 
but as an hour's sunshine through an 0])eniDg in the clouds, especiallr 
when the sun is at a conadcrable altitude, would produce a much 
greater effect in heating and increasing the bulk of the air, this can- 
not be received as the true explanation of the mode in which the ef- 
fect of a discharge of heavy artillery is produced." 

BECURBING MONTHLY PERIODS AND PERIODIC SYSTEM OF THE 

ATMOSPHERIC ACTIONS. 

The above is the title of a recent English publication, by W. H. 
Webster, a surgeon in the Royal Navy, who has devoted much atten- 
tion to meteorcMogy and collected an abundance of data from all quar- 
ters. 

Mr. Webster believes himself to have discovered that the weather is 
constantly marked by recurrences, separated by a solar month of 80^ 
days. Accordingly, to him the same days of the month, or neariff 
the same days, are critical, — cither show toe highest or lowest barome- 
ter of the month, or else the highest or lowest thermometer. This he 
affirms he has verified in an enormous number of instances, of which 
he gives a few. Of course we neither admit nor deny this discovery : 
our business is only to describe it. We shall show our readers what 
he gives us, from observations, for the year Sept 1819 to Sept 1820. 
It appears that, 1819, Sept 20 was the highest day of the barometer 
for the month ; Oct 22, Nov. 20, Dec. 22, were the lowest. Feb. 15, 
1820, and March 15, were highest days. Feb. 24 and March 24 were 
lowest days ; April 23 was a highest day. May 1 and June 1 were 
lowest days ; July 1 was a highest day. As to the thermometer, Jan. 
15 and Feb. 17 were lowest days. March 6 and May 5 were lowest 
days; but April 5 was highest. March 30 was highest, April SO 
lowest July 31 was highest, August 29 was lowest 

Mr. Webster sets aside the supposed influence of the moon altoge* 
ther his periods being solar. 
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Baldwlii» Jamei F., a distinguished American engineer. 

Barlowt Professori an eminent Ensrlish physicist, well known ibr his ezperi- 
MOBts <m the strength of materials. 

Barrett, Lncas, Director of the Geological Surrey of the British West Indies i 
drowned while investigating the structure of coral reefs by a dlying-bell« 

Blot, M., one of the most illustrious scientific men of France. 

Brodie, Sir Benjamin, President of the Royal Society, G. B. 

Bronn, Dr. Henrich G., the well-known German paleontologist. 

Browneil, Dr. Charles C, botanist to the Pethriek Eaqpedition to the Sonroei 
of tbeNUe. 

Bnekle, H. T., author of the " History of Ciyilization." 

Cnrtlaa, John, an English entomologist. 

KUct, Charles, Jr., a distinguished American engineer ; died of wounds received 
tn a naral engagement on the Mississippi. 

Gaaparin, M. De, a French physicist. 

Hammel, Dr., a well-known Russian scientist. 

Herrick, Edward C, of New Haven, Conn. 

Hosking, Professor, an English writer of note on architecture and engineering. 

Jaoob, CH»t. W. S., astronomer of the East India Observatory, India. 

James, C. T., inventor of James's rifled cannon projectile : killed by a prema- 
tore explosion. 

James, Dr. Edwin, best known as the botanist and historian to Long*s Expe> 
ditton to the Rocky Mountains in 1820 ; and a naturalist of eminence. 

Iteonhard, Profiessor, a German geologist and writer, associate of M. Bronn. 

ManroBS, Newton Spaulding, an American mining engineer and chemist ; killed 
at tlie battle of Antietam. 

Mandslay, Joseph, a celebrated English inventor and engine>builder. 

Mltohel, O. M., the astronomer, and General, U. S. A. 

Montbellard, M., a French naturalist ; died in the Jungles of Tonquln. 

Kesbit, Professor, an English agricultural chemist. 

Paricman, Thco., an American chemist, killed in battle. 

Perley, W. H., of New Brunswick ; a naturalist, well known for his inrettigm- 
tltma in relation to fish and fisheries. 

Prout, Hiram A., Dr., of St. Louis, an American naturalist. 

Benwlck, Prof. James, of New York. 

Robinson, Prof. Edward, an American philologist 

Roaa, Alexander M., designer of the Victoria Tubular Bridge, Montreal. 

Rosa, Sir James Clark, the arctic navigator. 

Senarmont, Henri Dc, Professor of Mineralogy, School of Mines, Pula. 

Scrres, Marcel Dc, an eminent French geologist. 

Stevens, Gen. Isaac T. ; distinguished for his surveys and explorationB of North- 
ern America ; killed in battle. 

Stewart, Thomas II., an English naturalist. 

Tlioreau, Henry D., an American naturalist. 

Traill, Dr., of Edinburgh, author of a well-known work on Medical Jurispni- 
denoe. 

Yicat, Louis Joseph, a distinguished Freneh engineer, best known for hla ro 
jwMsrdbes into the nature of oementa. 
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Scotland, modem elevatloii of IomI 

In S7i 

Screw, double, for Bteamahfpa. 47 

Sea, saltness of. JBBO 

Sewage and health. SM 

** of cities, utUlzatkm of SI7 

Sheet-iron, Russia, fhbrioatlon of. . . . 10 

Ships, gas and telegraph oa bonrd of 47 

** iron, deviation of ermipan on Itt 

** unsinkable and inoomonstiUe 48 

Shot, cast vs. wronght-lroA 67 

** elKeets of on Iron plalea 76 

•• steel, flat-fronted 63 

Silicinm, new gaseous compoand of .194 

Sliver, new substitute alloy for. 308 

Slrlns, eompanion of. 316 

Skeletons, aetormlning the anilqnity 
of 
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Skin, absorbing power of. 

Skulls, human, different typea of. . . .300 
Soapstonc powder as a laorioator.. . .811 

Solar r^rauion 186 

** system, permanence of IM 

Solubility, experiments in 200 

Sounds produced by electrie currenta 114 

Sounding properties of rooms. 136 

Space, existence of an ether in SB 

Spectral analysis, new flusts concern- 
ing 174,176 

Spectroscope, astronomical use of.. .330 

Spectrum, solar, researches on. 163 

Spongeo, artificial rearing ofl 296 

Stars, extent of our system at. 317 

** lines on the spectra of 171 

" scintillations of. , 

** spectral analysis of the light 

of 

Steam, new application of 

Steam-engines, importance of hori- 
zontal over vertical 18 

Steel, cast 27 

dlRDlay of at the Great Exhi- 
bition 23 

manufacture of. 23, 24, 26 

Stellar chemistry 171 

Stone, artificial 206 

** preservation of 206 

Stones, buildings, disintegration of .207 
Stone ware, exhibit of in the Exhibi- 
tion of 1802 36 

Sturms, progression of. 134 

Sulphur, export IVom Sicily 200 

%nn^«LV(nov^hftt«of.,. 174 
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phTiloal fl O Brtittttion of . . . . 108, 172 

** protaberanoes on the 316 

Ban's forfkee, peenlUur features of. . . 170 
BuBshine, relauve amount falling on 

tbe torrid sone 150 

Sweden, rifled small-arms of 29 

Swftserland, afteient remains of man 
In 282 

Ttfcflrn4>h, Atlantie. 127 

^* Bonelli's eleetrie 124 

** Casselli*s copying 120 

Telescope, measaring cUstanees by. . 167 

Temperature, annealing 205 

•« influence of trees on. .332 

Terra-eotta, use of for architoetural 

purposes 206 

Tertiary rodks, associated with gran- 
ite 273 

TextUe Ikbrics in the ExhlbiUon of 

1802 34 

Thallium, the new metal 102 

Thermometer, new application of . . . 160 

Timber, presenration of 103 

Tia>pUte, waste, utilisation of 200 

Titanium in steel 27 

Tobaeeo-smoldng, physiological ef- 

Ibctsof 302 

Trees, influence of on temperature . .332 
Tunnel through M t. Cenis 43 

YajfOTt aqueous, in the atmosphere, 

eflisctsof 136 

** atmospheric 144 

Tapors of saOne solutions 211 

Tenetaliles, r^d growth in high 



Ventilation, Buttan*B exhaustion 

principle of 147 

Venus, appearance of the earth ttom 322 

Vertebrate animals, smallest of. 200 

Vertebrata, red corpuscles in the 

blood of. 305 

Vessels, iron-dad, armament of. ... . 67 

** " construction of. 63, 68 

VesuTlus, Mt., TOleanic condition of 273 

Vinegar plant, obsenrations on the. .238 

Voice, mechanism of the human 139 

Volcanic action, influence of water 
on 273 

War implements, improrements in. . 40 

Water, use of for fuel 236 

" forms and action of. 136 

** ftesh, artifleial production of 84 
" influence of on rolcanio ac- 
tion 273 

*< supply of the artesian wells 

of Paris 260 

Water-closets, construction of. 210 

Wares, ocean, power of 136 

Weather and scintillation of stars. . .332 

** periodic changes in 336 

Weehawken, iron-clad vessel 62 

Well, fW>zen, of Brandon, Vt. 261 

Wells, artesian 250, 261 

Whitworth's guns and projectiles, 

trials of..... T :. 62 

Wines, their cost and quality 212 

Wolftam steel 27 

Wood-work, ornamented by burning 00 
Writing, prevention of eflkoement 017242 
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HAMIZTON^a liBCTURBa, embracing the Ketaphtsical and LoofAL 
Courses; with Notes, from Orlgmal Materials, and an Appendix, coDt«*aiug 
the Author's Latest Development of his New Logical Theory. Edited by Ucv. 
llKNRY LoNCiUKVlLLK Manskl, B. D., Prof. of Moral and Metaphysical Phi- 
lojophy in Magdalen College, Oxford, and Jom Ybitch, M. A., of Edinburs^h. 
In two royal octavo volumes, viz., 

I. METAPHYSICAL Lbctures. Royal octavo, cloth, 3JK). 

II. Ix>GiCAL LKCTURE8. Boyal octavo, cloth, 3JM). 

a^O. ftL-.b^aspccUlarrangnneBtwiththa fluniljortlM kto Sir Wnilam HamUton, are tha 
■wUioriaed. and onlv authorised, American pubUahera of thia diatlnguiahcd author'^ matcMtMt 

l««CT0aK8 ox MSTArHTSICS A!(D LOOIO. 

Tha aboTS luve alrtady been Introdnead Into aaaily all our leading colleges. 

J^OOMIS' JELBMENT8 OF OBOLOOY ; adapted to Schools and Colleges. 
With numerous Illustrations. By J. B. LooMis, President of Lewisburg^ Uui- 
versity, Pa. 12mo, doth, 1J25. 

** It If Burpaned by no work belbra the Amaikaa pttbUc** — JL JS. Aiulenom, LL. D., PrttUUnt 
JCocktMter UMvenitif. 

r£AB01>rS CHmSTIAXJTT THJB JtBLJGJON OJF NATURE. 

Lectures delivered before the Lowell Institute in 186-'), by A. P. Peabody, 
D. D., LL. D., Preacher to the University, and Plummer Professor of Christian 
Morals, Harvard College. Boyal 12mo, cloth, 1.50. 

A maiterljr production. diitlnguMMd for Its aeuteneaa and cameetneM, Its force of logic and Ciir- 
nes« of statement, written In a style of dngnlar aoeuracty and beauty. 

y.iZEY'a NATUBAZ THBOLOGT: Illustrated by forty Plates, with Se- 
I'Xtfons IVom the Notes of Dr. Paxton, and Additional Notes, Original and 
.^ i*]ected, with a VocabiUary of Scientific Terms. Edited by John Wakk, 
M. D. Improved edition, with elegant iliustrations. l:2mo, cloth, embossed, 
J.:5. 

JUA SSBL'a rBOLBOOMByA LOGIC A ; the Psychological ammeter of 
Logical Processes. By Hbxbt Longubvillk Maxsel, B. D. 12mo, cloth, 
1.25. 

YOUNG LAJ>JB8' CLASS BOOK: a Selection of LesM>nsfbr Reading ''> 
l*rose and Verse. By Ebkmbzer Bailkt, A. M. Cloth, embossed, l.:^5. 
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MArBN*B XBNTAJL rHTLOSO^MT f Indading the InteDeeC, the Sensl- 
bUities, and the Will. By Josxph HAYsr, Ftofe«tor of Intellcetaal and, 
Hond Philotophj, Chlca^ Unireraity. Rojal 12mo, doth, embotsed, 2jOO. 

It b bcB«fred tlua work wUl be tmad pwftniiiwirty dlillM»M»*d *« tt« CoiiruTXSXSS vUh 
vhleh iC prHeato th* vhoU MdfiMt. 

UAVEX'S MOBAJL rHILOSOrBCT : Indading Theoretteal and PraeCical 
Ethics. Rj Joseph Uavex, D. D., late Professor of Moral and Intelleetnal 
rhilosopby in Chica^ UniYenity. Royal 12niOy doth, embossed, 1.7&. 

It Is eminently Mkntlflc In method, and tboraugh la diseoMiMi, and !!• tIswb oa wmtHsd fis 
tfoos in mofals arc dierriminating and aoMad. 

HOPKINS' ZJECTUJtES ON MOBAJL SCMBNCE, deUrered before the 
Lowell Institnte, Boston, by Mark Hopkuis, D. D.. President of WflUaaM 
College. Boyal 12mo, doth, 1.50. 
■^ An Important work fkom the pen of one of the moat proAmnd flklakan of tta aga. 

WAYLANI>'S ELEMENTS OE MOBAZ0 SCIENCE, By FRAJICU 

Waylaxd, D. D.^late President of Brown University. 12mo, doth, 1.75. 

WAYZAND'S MORAL SCIENCE ABBII>OEI>,' and adapted to the 
nse of Sdiools and Academies, by the Author. Half mor., 70 cts. 

The same, Cheap School Editiosi, boards, 45 cts. 

WATLAND'S ELEMENTS OE EOLITICAX ECONOMY. ISj Fkav- 

CIS Way LAUD, D. D. 12mo, doth, 1.75. 

WAYLANI>'S POLITICAL ECONOMY ABBII>GEI>, and adapted 

to the use of Schools and Academies, by the Author. Half mor., 70 cents. 

All the aboTC works bjr Dr. Wajland are uied aa tezt^booka in moit of the eoBefca aad higher 
adioob throoghottt the Union, and are hiffhljr approred. 

AGASSIZ AND GOULD'S EBJNCIPLES OE ZOOLOGY; TondilQf 
the Structure, Development, Distribution, and Natural Arranfipement, of the 
Races op Axui als, living and extinct, with numerous Illustrations. For 
the use of Schools and Colleges. Part I. Comparative Putsiologt. By 
Louis Aoassiz and Augustus A. Gould. Revised edition. 1.50. 
PABT II, Systematic Zoology. 2n prtparation, 

** It i« simple and elementary in its style, full In Its illustrations, comprehcnslre In Its range, yet 
well eondenMd, and brought Into tiie narrow eompaas requisite for the parpoaa Intended." — AStb- 
t's Jomntal. 



niTTEB'S GEOGBAEUICAL STUDIES, Translated lh)m the German 
of Carl Ritter, by Rev. W. L. Gage. With a Sketch of the Author's Life, and 
a Portrait. 12mo, doth, \M. 

This volume contains the grand generalizations of Bitter^ life-work, the Eidkflnde, In dghtcra 
volumes I his lectures on the Belations of Geography aad History, and a number of important 
papers on Physical Geography. 

PBOGRESSIVE EENMANSUIE, PUIn and ornamental, for the use of 
Schools. By N. D. Gould, author of »• Beauties of Writinff,»' " Writing Mas- 
ter's Assislant,'* etc. In five parts, eadi, 20 cts. 

It 



(l0ttlb anb S^ituxiln's |publkaii0n$. 



MO0JBT*8 THESAURUS OJF* BXGLISH WOBJDS ANJD l^UBASES, 

■o dassifled and arranged as to facilitate the expression of ideas, and assist in 
literary eomposition. New and improved edition. By Pktkr Hark Rooet, 
late Secretary of the Royal Society, London, etc. Revised and edited, with a 
list of Foreign Words defined in English, and other additions, by Barytas 
8BARS, D. D., President of Brown Uuirersity. A New American Edition, 
with Additions and Improvements. l2mo, cloth, 2.00. 

Hm int American edition harlng been prepared by Prof. Sean for ttrieiiif edwcaiional purpoM't, 
tbumm votda and phraaes properly termed **TQlgar,'* Incorpoialcd In the original work, were omitted. 
Thcoa ezpnrfalcd portions hsre. In the prceenC edition, been rettored, but by inch an arrangement 
of the matter aa not to Interfere with the edncational pnrpoeea of the Ameriean editor. Beside a 
tUs It contains Important additions not In the English edition, of words and phrases, and also an 
•IphabcticalUstof **FoBBioH Wou>s Atro Pbkasks'*— Latin, French, Italian, Spanish, Greek, 
•te. — whkh most frequently occur in works of general literature, defined In English, making it 
in aUrttptctt mart fidl and ptr/ect than the atOker'Beditiom, 

BUTOT^S EAMTH ANI> MAN; Lectorea on COMPARATfVE Phtsical 
Gboorapht, in its relation to the History of Mankind. By Arnold Gutot. 
With lUnstrations. 12mo, doth, 1.76. 

OUTOT'S XUILAX, MAJPS, A series of elegant Colored Maps, projected on 
a large scale for the Recitation Room, consisting of a Map of the World, North 
and South America, Geographical Elements, ftc, exhihiting the Physical Phe- 
nomena of the Globe. By Proftssor Arnold Gutot, tIs., 

OUTOT'S MAJP or THJB WOBJLI>, mounted, 12.00. 

GUTOT*S MAP or NOnTH AMRTtICA, numwttd, 11.00. 

€mTOT*S MAT OJF 80UTM AMJSBJCA, maunied, 11.00. 

GUTOT'S GEOGBAJPHICAL ELEMENTS, mounted, 11.00. 

■^ Thcae elegant and enHrely original Mnral Bfaps are prqfeeted on a laige scale, so that when 
— ipanded In the reeitatfon room Vbej may be seen from any point, and the delineations without 
dUUenlty traced dislinclly with the «y«. Thcj are beautlAilly printed In eokna, and nea^y 
■MNuted fbruse. 

JSABTON*S EAST ZESSONS IN ENGLISH GRAMMAB^ Ibr Toaag 
Beginners. By W. S. Barton, A. M. 12mo, half mor., 75 cts. 



aa a Bbqobi. to thb Avtvob's Nbw Stbtbm of EBousa Obamxab, which 
a gndnal Introdnctton to the first prindplea of compoattlon. 

JSAETON'S NEW INTEItMEl>IATE SYSTEM OT ENGLISH 
GRAMMAlB, By W. S. Barton, A. M. 12mo, half mor., 1.00. 

BABTON*S rEACTICAL EXERCISES IN ENGLISH COMPOSI- 
TION f or. The Touno Composer's Guide. By W. 8. Barton, A. M. 
ISmo, half mor., 1.00. 

BAMTON*S HIGH SCHOOL GRAMMAR; or, an Exposition of Gram- 
matical Stractors of the English Langnage. By W. S. Barton, A. M. 12mo. 
half mor., 1.50. 

Tl^ abore works by FtoC Barton, deatgned aslezt-booksfbrthauaof aehooli and 
ais t^fSSBlt of loBf esptttoBca, and will bt found to poanii mmj and pacidlar merits. 
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MILLEB'S CBUiaE Of THM BETSEY f or, a Summer Bamble 

the Fossiliferout Deposits of the Hebrides. With Bambles of a Geologist; 
or, TenTbooeand Miles orer the Fossiliferoiu Deposits of Scotland. 12iiio, 
pp. 524, cloth, 1.75. 

MIT.LEn'S ESS A TS, Historical and Biograpliical, Political and Sodal, Lit- 
erary and Scientific. By Hugh Hillkr. With Prefiioe by Peter Bayne. 
12mo, cloth, 1.75. 

XILI^EE'a EOOT'PBINTS OE THE CEEATOBf or, the Aaterolepto 
of 8tromness, with numerous Illustrations. With a Memoir of the Author, by 
Louis Agassiz. 12mo, cloth, 1.75. 

MILLBB'a EIB8T 1MBBES810S8 OE ENGZAKn Aim ITS 
PEOELE, With a fine Engraving of the Author. 12mo, cloth, 1.50. 

MILLEB'8 HEAJ>aHlE OE CHBIBT, Kod the RighU of the Chriatiaa 
People, a CoUeotion of Personal Portraitures, Historical and Descriptire 
Slcctches and Essays, with the Author's eelebrated Letter to Lord Broogtiam. 
By Hugh Miller. Edited, with a Preface, by Pktkb Batne, A. M. 12mo, 
doth, 1.75. 

MEIsI.EB'8 OJjB bed SAimSTONE ; or. New Walks in an Old Fiek<. 

Illustrated with Plates and Geological Sections. Kkw EDinosf, Rkviskd 
ANi> MUCH Enlarged, by the addition of new matter and new Ulnstrattons, 
Ice. 12mo, cloth, 1.75. 



MILLEB'8 EOEITLAB BEOLOGTf With Descriptive Skclcbet 

Geologist's Portfolio. By Hugh Miller. With a Resume of the Progrcaa 
of Geological Science during the last two years. By Mrs. Miller. 12mo, 
clotli, 1.75. 

MlhLEB'8 8CHOOL8 ANJ> 8CBOOZMA8TEB8 f or, the StMy oTmy 
Education. Ax Autobiography. With a ftilMcngth Portrait of the Author. 
12mo, 1.75. 

MILLEB'8 TAZE8 ANJD 8KETCJELE8. Edited, with a Prelkce, fte^ by 
3Ir.s. Miller. ]2mo, IM. . 

Among the subjects are: Recollections of Ferguson— Bums — The Salmon 
n^lM-r of Udoll— The Widow of Dunskaith— The Lykewake^-BBl Wliy«e— 
Tlie Young Surgeon — George Ross, the Scotch Agent -^MK^ulloch, the Meeh- 
aniclan — A True Story of the Life of a Scotch Merchant of the Eighteenth 
Century. 

MTLLEB'8 TESTIMONY OE THE BOCKS ; or, Geology in iU Beai^ 
ings on the two Theologies, Natural and Revealed. ** Thou shalt bo in les^pw 
with the stones of the field.'*— Job. With numerous elegant Illustrations. 
One volume, royal 12mo, cloth, 1.75. 

HUGH HILZEB'S WOBKS, Ten volumes, uniform style, in an elegaat 
box, embossed doth, 17 ; library sheep, 20 ; half calf, M; aattque, H. 

VLACAVZAY ON SCOTZAXH, ACritiqiio from HUGH MlLLSR'g «Wtt- 
ness." 16mo, flexible cloth. 37 ots. 
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CMULMBJBBS' CTCLOBJEniA. OF SITGLISS ZITEBATTTRE, A 

Seleetion of the choicest productions of English Authors, Urom the earliest to 
the present time. Connected by a Critical and Biographical History. Forming 
two large Imperial octavo volumes of 700 pages each, double-column letter 
press ; with upwards of three hundred elegant Illustrations. Edited by Uobert 
Craxbers. Embossed cloth, O.JK); sheep, 7.50; cloth, Axil gilt, 9.00; half calf, 
12X0; ftill calf, 16.00. 

This work embraces ftbooC one ikowand Anthort, chitmologicftlly airaDged, and cloned m 
yeali, h h tori MM , dimmatbt*, phtloiophen, metai>h7iiciant, diTliiea,ae., with choice selecUonj from 
thstar vrittngit connected by « Biographical, Hletorleal, and Critical Narratlret thus presenting a 
wipleta view of English Literature ftom the earliest to the present time. I<ct the reader open 
vhcre bo viU, ho cannot fail to And matter for profit and delight The seUetious arc gems — 
iafliiitorlehca in a little room; in the language of another, ** A wools EiroLisu Libbabt rrsco 
3M>ws iiTTO ova CniAF Book.** 

■^ Ttts AMiaiCAir edition of this ralnable work Is enriched by the addiUon of fine ttcrl and 
mea a ot i nt cngmrings of the heads of Sbaksfkabb, Aodisok, Braoxt a Ml-length portrait of 
0a. JoRirsovi and a beantiflttl scenic representation of Olitss Oolosmitb and Da. Jonirsoy. 
Tbcaa imp ort a nt and elegant additions, together with superior paper and binding, and other Im- 
render the Amsbioav fkr superior to the Engttsb edition. 



CMAMBBBB^ HOME BOOK; or. Pocket Miscellany, containing a Choice 
Seleetion of Interesting and Instructive Reading, fbr the Old and Young. Six 
Tohimes. lOmo, doth, 0.00; library sheep, 7.00. 

JlBVIXB'8 CTCZOPJEBIA OF jUTJECJOOTJES of ZITBBATUJtE 
AN1> THB FIIfJE AJtTS. Containing a copious and choice Selection of 
Anecdotes of the various forms of Literature, of the Arts, of Architecture, 
Bngiwrings, Music, Poetry, Painting, and Sculpture, and of the most celebrated 
literary Characters and Artists of different Countries and Ages, &c. By 
Kazutt ARVUfE, A. M., author of " Cyclopedia of Moral and Religious 
Anecdotes." With numerous illustrations. 725 pp. octavo, cloth, 4.00; sheep, 
5.00 ; cloth, gilt, 0.00 ; half calf, 7.00. 

This la unquestionably the choicest collection of Aneedotea ever published. It contains fJkres 
thmaamd and fortv AmeedoteM: and such Is the wonderfbl variety, that it will be found an almost 
InezhMHtible ftwd of Interest for every class of readers. The ekborate classification and Indexes 
nrast commend It especially to public speakers, to the various classes of lUtrarff and $eienti/ie men, 
to arfMs, aMcAonfe*, and otikers, as a Dictiovabv /or r^ereace, in relation to (hcts on the num- 
bcrlaoa sul^ts and charaetns introduced. There are also more than one kwtdrcd and J{ftjf /m 
JOmttrationM. 

BATNJB'8 JS8SAT8 JOT BIOOBAFHT AKB CBITICI8M. By 
Peter Batne, M. A., author of '* The Christian Life, Social and Individual.'' 
Arranged In two Series, or Parts. 12mo, cloth, each, 1.75. 

Tliese volumes have been prepared and a number of the Eas^ys written by the author expressly 
fbr his American publishers. 

THB ZAirj>IirG AT CAPB AlKITB f or, The Charter of the First 

PERMANE^CT COLOXT on THE TERRITORY OF THE MASSACHUSETTS COM- 

FAirr. Now discovered, and ilrst published ttom the orioikal manuscript, 
with an inquiry into its authority, and a History of the Colony, 1094-1028, 
Roger Conant, Qoremor. By J. Winoate Thornton. 8vo, oloth, 2.60. 

iV***Anu«eontribotkmlo the ssijy histoiy of New England.**— JbumoL 
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JJfmrAZ, OF SCIENTIFIC niSCOrjERT FOR 1864 1 or, Yew 

Book of Facts in Science and Art, exhibiting tlie most important Disooveriet 
and ImproTements in Mechanics, Useful Arts, Natural Philosophy, Chemistrj, 
Astronomy, Meteorology, Zo5Iogy, Botany, Mineralogy, Geology, Geograi^y, 
Antiquities, &c., together with a list of recent Scientific Publications ; a dassi- 
fied list of Patents; Obituaries of eminent Scientific Men ; an Index of Impor- 
tant Papers in Scientific Journals, Reports, &c. Edited by David A. Well*i, 
A. M. With a Portrait of General Q. A. Gllmore, U. S. A. 12mo, 1.75. 

Volumes ok the same Work for years 1850 to 18G1 (fifteen vols.)t with the 
Likeness of some distinguished Scientific or Literary man in each. 1.^ per 
volume. 

The whole Serial boand in uniform style, and put np in an elegant, ■nbatantial 
box, 26.25. 

Thl< vork, Usued anniuiny, eontaiai atl Important feci* diaeoreicd er uuMHuiead darian tks 
year. ■Er£achToIaiiMisdlftlnetinltaeU;uidooataiiM«Rliiviiri 



TBF FI^URAZITT OF WOMLI>8. A New EornoN. With a SumE- 
MENTARY Dialogue, in which the author's Beriewers are reviewed. IZmo, 
doth, IJM). 

THF JtOMAJiCE OF NATimAX, HISTORT. By Phiup Hsmbt 

GossE. With numerous elegant Illustrations. 12mo, cloth, 1.7S. 

THE NATVEAX, HISTORY OF THE HUMAK 8FBCIE8 f Its 

Typical Forms and Primeval Distribution. By Charles Hamiltoiv Smith. 
With an Introduction containing an Abstract of the views of Blnnnpnharti, 
Prichard, Bachman, Agassis, and other writers of repute. By Samuel Kxeb- 
LAN D, Jr., M. D. With elegant Illustrations. 12mo, cloth, 1.76. 

TREATISE ON THE COMPARATIVE ANATOMY OF THE AN- 
IMAL KINGDOM, By Profs. C Th. Yon Siebold and H. Stahkius. 
Translated f^om the German, with Notes, Additions, &c. By Waldo I. BuB- 
ICETT, M. D., Boston. One elegant octavo volume, cloth, 3.50. 
ThUbbcUercd to be ineompanblyths best snd most complete vork on tlM ral^eeCi 



THE CAMEL f His Organization, Habits, and Uses, considered with refer- 
ence to his introduction into the United States. By Georob P. Harsh, lata 
U. S. Minister at Constantlttople. 12mo, cloth, 75 eta. 

INFLUENCE OF THE HISTORY OF SCIENCE VFON INTEL' 
LECTUAL EDUCATION, By WiLLLAM Whkwell, D. D., of Trinity 
College, Enghind, and the alleged author of ** Plurality of Worids." 12dio, 
cloth, 40 cts. 

KNOWLEDGE IS POWER, A view of the Productive Forces of Modem 
Society, and the Results of Labor, Capital, and Skill. By Charles Kxioht. 
With nnmeroQi Illaatrations. American Edition. Bevised, with additions, by 
David A. Wblls, Editor of the "Annual of Scientific Discovery.'* 12ino, 
doth, 1.76, 
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aOUXJl^'8 MOLLUSC A AXD SHELLS. By AUGUSTUS A. GOULD, IL 
D. (U211TKD States Kxplokino Expedition, during the years 1838, 1839, 
ISM, 1811, 1812, under CUAKU£S WiLK£S, U. S. K. Vol. XII.) Elegant quarto 
Tolume, doth, net, 10.00. 

OOULl>'S ATLAS TO MOLLUSC A AJfl> SHELLS. By A. A. GoULD, 
M. D., &o. One rolume quarto. Elegant Engraving! on atone. In sheets, 
plain, net, 25.00; in sheets, colored, net, iO.OO. 

GBOGMATHICAL I>ISTJtIB UTION OW AXIMALS ANJ> BLANTS. 

(Ukited States Exploring Expedition ; during the years 1838, 1830, 1840, 
IMl, 18i2, under Charles Wilkes, U. S. N. Vol. XV.) By Charles Pick- 
XBINO, H. D., Member of the Scientific Corps attached to the Expedition. 
One Tolume quarto, cloth, 4.00. 

GOULD'S OTIA CONCHOLOGICA. Descriptions of SheUs and Mol- 
lusks, from 1830 to 1802. By AUGUSTUS A. Gould, M. D. Octavo, cloth, 2.00; 
•tiff paper cover, IJbO. 

MODERN FRENCH LITERATURE. By L. RAYMOND DE Vericour. 
lieviscd, with Notes, by William S. Chase, A. M. With a fine Portrait of 
Lamartine. 12mo, cloth, 1.75. 
** TlM only eompteto trMtiM on thli rat^cct, dthcr In FNneh or Kngnah.''~X T. Bvenimg Pott. 



NOTES ON THE UNITED STATES OF AMERICA. By T. H. 
Grand Pierre, D. D., Pastor of the Reformed Church, Paris. 16mo, cloth, 05. 

SPIRITUALISM TESTED ; or, the Facts of Hs Hlstor}- aassified, and their 
Cause and Nature Yerified trom Ancient and Modem Testimonies. By George 
W. Samson, D.D., President of Columbian College, Washington, D. C. lOmo, 
doth, CO. 

BFR AGUE'S VISITS TO E XTROFEAN CELEBRITIES. By the Rev. 
William B. Spraoue, D. D. l2mo, cloth, 1.50 ; cloth, gilt, 2.00. 

SMITH'S FILGRIMAGE TO EGTFT; embracing a Diary of Explora- 
tions on the Nile, with Observations Illustrative of the Manners, Customs, and 
Institutions of the People, and of the present condition of the Antiquities and 
Ruins. By Hon. J. V. C. Smith, Uite Mayor of the City of Boston. With 
numerous elegant Engravings. 12mo, doth, 1.76. 

THE 8TORT OF MT CAREER, as Student of Frieberg and Jena, and 
Profttsor at Ualle, Breslau, and Berlin. With Personal Reminiscences of 
Goethe, Sdiiller, Schelling, Schlciermacher, Fichte, Novalis, Schlegel, Neandcr, 
and others. By Heinrich Steffens. Translated by Wiluam L. Gage. 
lOmo, 1.00. 

ANCIENT LITERATURE AND ART. Misoelbmeous Essays on sub- 
jects eonneeted with dassieal Literature, with the Biography and Correspond- 
eaoo of eminent Philologiats. By Prof. B. Sears, President of Brown Univer- 
sity, B. B. Edwards, of Andover, and C. C. Felton, of Cambridge. Second 
thousand. 12mo, doth, 1.75. 
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ZIF'S, TIMES, AJfJD COJtBESPONDEXCJE OJF ,TAMES MAX" 
NIXO, ANi> TUB Eauly Uistouy of Bbown Univkbsity. By Ukubrx 
Aldkidgb Guild. With likenesses of President Manning and Nicholas 
Brown, Views of Brown University, Tlie Mrst Baptist Clinreh, Providence, etSt 
Boyal 12mo, cloth, 3.00. 
A moat important and Intereatlng hislorieal work. 

MEM€)in OF GEORGE X. BItlGGS, ZZ, !>., late Governor of Massa- 
chusetts, lij John Todd, D D. With Illustrations. Koyal 12mo. In prq>- 
araiion, 

THE ZIFE OF JOHN MIZTON, narrated In connection with the Polit- 
ical, JiCCLESIASTICAL, AND LiTEUARY HISTORY OF HIS TiMK. By DAVID 

Masson, M. a., Professor of English Literature, University College, London. 
Vol. L, embracing the period from 1G08 to 1639. With Portraits and specimens 
of his handwriting at different periods. Boyal octavo, doth, 3JS0. 

ZIFE ANJD COJtliESFOynENCE OF EEV. JDAXIEZ WIZ80K, 
X>. I),, late Bishop of Calcutta, iiy Uev. JosiAH Batkman, M. A., liector 
of North Cray, Kent. With Portraits, Map, and nomerous Illustratious. One 
volume royal octavo, cloth, 3.50. 
SET* An interesting life of a great and good man. 

THE ZIFE ANJD TIMES OF JOHN HUSSf or, The BohemUn Reibi^ 
mation of the Fifteenth Century. By Bev. £. U. Gillbtt. Two vols, royal 
octavo, 7.00. 

**The author.** rayt the Xew ToHt Obmrper^ **has aehlered a great woric. perftnnad a valaabto 
service fbr rroteatantisra and the world, made a name for hmiaelf among religious hiatoriaas, aad 
produced a book that wiil hold a prominent plact In ths esteem of every reUgiotts scholar.'' 

The iVeir I'orl: Evangelist spc«ks of It aa ** one of the most valuable eontribations to eedsalsitt* 
eal history yet nuMle in this countiy.'* 

MEMOIR OF THE CHRISTIAN ZABORS, PasUnfoi and PhUan- 
thropie, of THOMAS CHAZMERS, Z>. Z>. ZZ. Z>. By FBAKCis Wat- 

LAND. IGmo, cloth, 1.00. 

The moral and intellectual grratncss of Chalmers is, we might say, orenrhehnlng to Che mind of 
the ordinary reader. Dr. Way land draws the portraiture with a master hand. — Mttkod, Qumri. Rewk 

ZIFE OF JAMES MONTGOMERY. By Mrs. H. C. KNIGHT, author of 
*' iMdy Huntington and her Friends," etc Likeness, and elegant Illiutrmted 
Title -Page on Ktecl. 12mo, cloth, 1.50. 

DIARY AND CORRESPONDENCE OF AMOS ZAWRENCE. With 

a brk'f account of some lucldcntit iii his Life. Edited by his son, Wm. R. Law- 
i:lnck, 31 D. With elegant Portraits of Amos and Abbott Lawrence, an En- 
graving or their Birthplace, an Autograph page of Handwriting, and a oopious 
Index. Otio largo octavo volume, cloth, '2.50. 
The Same \V«>rk. Koyal 12mo, cloth, 1.75. 

VR, GRANT AND THE MOUNTAIN NESTORIANS. rfjr Rev. Thox- 
AS Laurie, his Hurvivinsr associate in that MUslon. With a Likeness, Map of 
the Country, and numerous Illustrations. Third edition. Revised and improved. 
12mo, cloth, 1.75. QI^ A most valuable memoir of a remarbcMe num. 
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Z,TtLA, COSZS8TI8, HTMNS ov HKATKir. Selected by A. C Thomfsoit, 
D. D., Mithor of the ** Bbtteb Lasd.'* 12mo, oloth, red edges, 1.76. 

Fine Edition, Tinted Paper. Square 8vo, doth, red edges, 2.60 ; cloth, gilt, 
3^ } half calf, 0.00 ; fiill Turkey mor., 8.00. 
1^ A ctumninf work, containing a eollaction of gwu of poetry on Hasmi. 

GOTTBOJLn'S BMBJLEMa ; or, iBvisible Things Understood bj Things that 
are Made. By Christian Sceiyer, Minister of Hagdeburgin 1671. Transited 
from the Twenty-eighth German Edition, by the Ber. Bobbbt Menzies. 8vo, 
doth, 1^. 

Fine Edition, Tinted Paper. Square Sfo^ doth, 2 A) ; doth, gilt, 3.60; half 
Turkey mor., 6.60 ; Turkey mor., 7.00. 

THE BXCEJLZEKT WOMJJf, as Deseribed In the Book of Proverbs. 

With an Introduction by Rer. W. B. SpraguE, D. D. Containing twenty-four 

tplendid Illustration*, 12mo, doth, IJSO. 
Fine Edition, Tinted Paper. Square 8vo. New and greatly Improred edition, 

doth, red edges, 2.60; doth, gilt, 3.60 } half calf, 4JK); full Turkey mor., 7.00. 

MOTMEBS OB TME WI3E ANJD 0OOJD. By JABSZ BURNS, D. D. 
16mo, doth, 1.26. 

MT MOTHER ; or, RetioUectfons of Maternal Inflsenoe. By a New England 
Clergyman. Witli a beautiftil Frontispiece. 12mo, doth, 1.26 ; doth, gilt, 1.60. 

OITR IjITTLE ones IIT hEA YEN. Edited by the Author of the " Aim- 
well Stories,'' etc/ 18mo, doih, 90 cU. ; doth, gilt, 1^. 

This nttte Tolome eonteini • eholes eoOeeUoa of pliecs, hi tom and pnMM, oa ths daath and 
f utun haiipinan of young children. 

ZITTIjE MABT. An Illustration of the Power of Jesus to Sare eren the 
Youngest. With an Introduction by Baron Stow, D. D. 18mo, doth, 40 cts. 

GATHBBED lilLIBB; or, Little Children in Heaven. By Rer. A. C. 
Thompson, Author of *' The Better Land.*' 18mo, ilezible doth, 40 cts. ; flexi- 
ble doth, gUt, 46 cU. ; boards, fhll gUt, 60 cts. 

SABE BOMB; or, the Last Days and Happy Death of Fanny Kenyon. With 
an Introduction by Prof. J. L. LINCOLN, of Brown University. 18mo, flexible 
doth cover, gilt, 42 cts. 

MEALTHt ITS BBIENBB AXB ITS BOE3. By R. D. MUSSET, M. 
D., IS,, D., &c., late Professor of Anatomy and Surgery at Dartmoutii Collrg<>, 
and of Surgery at the Medical College of Ohio. With Illustrations and a Tor- 
trait of the Author. 12ino, doth, 1.60. 

THE BVENING OB ZIBE ; or. Light and Comfort amidst the Shudov 
of Dedining Tears. By Rev. JsREaiiAii Chapun, 1>J>, A new, revised, u.. 
much enlarged edition. With degant Frontispiece on Steel. 12mo, cloth, l .5o. 

Fine Edition, Tintbd Paper. Square 8vo, doth, red edges, 2.60 ; cloth, gilt, 3.50. 

BUTH: A SoNO nr the Desert. lOmo, doth, flexible covers, gilt, ro cts., 
doth, boards, gilt, 66 ets. ^^ A neat and most eharming little work. 
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WILI,IAM8'8 ZECTUKES ON THE ZOED'8 BRAYER. By Wll/- 
LiAM R. Williams, D. D. Third edltton, 12mo, cloth, 1.25. 

** We are conftaatlj reminded. In reading hif eloquent pasci, of the old EngBah vritrre. whoae 
rlgorouf thought, and gorgeous Imagery, and raried learning, hare made their writfoga an inex- 
haoctlble mine for the echolari of tlie present daj."— CA. Observer. ^ 

WILLIAMS'S MISCELLANIES. By WiLLLAM B. Williams, D. D. Netr 
and Improved edition. 12ino, cloth, 1.75. 
•*Dr. Williams b a profoand sdudar and a biiUiant writer.*' — JV. r. SvamgOiMt, 

WILLIAMS'S RELIGIOUS PROGRESS ; Dlscoonet on the Developinent 
of the ChrisUan Cliaracter. By William R. Willlams, D. D. Third edition, 
]2mo, cloth, 1.25. 

** His power of apt and fiNcIble iUnatiatton Is without a parallel among modem writers. Tlie mute 
pages spring into life beneath the magic of lUs radiant Imagination. But this is nerer at the ex- 
pense of soUdltj of thought, or strength of argument. It is seldom, indeed, that a mind of so 
much poetical iareatlon yields such a willing homage to the logical element.**— ifarpo'' MomUUf 

HARRIS'S GREAT T.£^CJ7^Jt; or, Characteristics of our Lord's Minis- 
try. By John Harris, D. D. With an Introductory Essay by H. Humphbkt, 
D. D. Sixteenth tliousand. 12ino, clotli, 1.60. 

** Dr. Habbis is one of tlie l>est writer* of the agei and this rolume will not in Iho lenat detract 
firom his well-merited reputation.**— Amtrican Pulptt, 

HARRIS'S GREAT COMMISSION f or, The Christian Chtiroh oonstitotcd 
and charged to convey the Gospel to the World. A Prise JSssay. With an In* 
trodoctory Essay by W. B. Williams, D. D. Eighth thousand. 12ino, doth, 
1.76. 

** This Totume will aflbrd the reader an InteUeetnal and ipiiitnal baaqucl of the hlg baat osder.**— 
Philadelphia Ch. Obterver. 

HARRIS'S MAN PRIMEVAL; or, The ConsUtution and PrimittTe Condi- 
tion of the Human Being. With a iinely-engraved Portrait of the Antlior. 
12mo, cloth, 1.50. 

** ills copious and beautiAil illustrations of the sueeeaaire laws of the DiTiae Jfanlftstelloa Iwt* 
yielded us inexpressible delight**— London Bcketw Jteview, 

HARRIS'S PRE'AnAMITE EARTH. Contributions to Theologieal Sci- 
ence. By John Harris, D. D. New and revised edition. 12mo, cloth, 1.60. 

** We have nerer seen the natural sciences, particularly geology, made to give so deddad aad «•- 
Impeachable testimony to rereakd truth.** — Chrittian Mirror. 

HARRIS'S PATRIARCHY,' or. The Family, ito Constitution and Proba- 
tion. 12mo, cloth, 1.75. 

This b the last of Dr. Bairis*STalnablo series entitled **Coatributloiu to Tbaolofleal 



HARRIS'S SERMONS, CHARGES, AHHRESSES, etc., dellTered by 
Dr. Harris in various parts of the country, during the height of Ills reputa- 
tion as a preacher. Two elegant volumes, octavo, cloth, each 1 JM). 

Tlie immense sale of all this author's works attests their Intdnaie worth aad gnat pcputertty. 
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TJB'JB rURITANS ; or, Hie Court, Church, and Parliament of England, dur- 
ing the ri'igas of Kilward VI. and Elizabeth. By Samitel Hopkins, author 
of Ix.>ssoiu« at the Cros8," etc. In 3 vols. Octavo, cloth, per vol., 3.00 ; sheep, 
4.00; luilf calf, 6.00. 

It Triil be To nd the most Interettin; and n-lUtblc Iliatory of the Puritans yet published, narraUnf, 
In a dramatic st>lv, lULiiy facts hithertj unknown. 

THE PRICACnER A\D THE KiyO : or, Bourdaloue in the Court of 
Louis XIV. : being an Account of the Pulpit Elo<iuencc of tiiat distinguished era. 
Translated from the French of L. F. Bungenkis, Paris. lutroduction by tlie 
Uev. George I'otts, D. D. A neio, improved edition^ witli a flne Likeness and 

a BlOGKAl'HICAL SKETCH OP THE AUTHOR. 12mo, cloth, 1.&0. 

THE PRIEST AND THE HUOUEXOT; or, Pergecution in the Age of 
I^uis XV. From the French of L. F. Bungener. Two vols. ]2mo, cloth, 3.00. 

9r Thi« !• not only a work of thrilling interest, — no fiction could exceed it, — but, as a Protes- 
tant work, it is a masterly production. 

THE PVLPIT OF THE AMERICAN REVOI^VTION ; or, The Po- 
litical Sormons of the Period of 1770. With an Historical lutroductioti, Notes, 
Illustrations, etc. Hy JouN Wing ate Tuoknton, A. M. 12mo, cloth, 1.75. 

THE LEADERS OF THE REFORMATION, LUTHER, CALVIN, Lat- 
1MBR, and Kxox, tlic representative men of Germany, France, England, and 
Scotland. By J. Tulx.och, D. D., Author of " Theism," etc. 12mo, clotli, 1.50. 

A portrait gallery of sturdy reformers, drawn by a keen eye and a strong hand. Dr. Tulloch dls- 
eiiminates clearly Uie personal qualities of each Bafiirmer, and commends and criticises witli equal 
ftmokness. 

THE HAWAIIAN ISZANDS t their Progress and Condition under Mis- 
sionary Labors. By Kufus Anderson, D. D., Foreign Secretary of the 
American Board of Commissioners for Foreign Missions. With Maps, Illus- 
trations, etc Royal l2mo, doth, 2.25. 

WOMAN ANn HER SAVIOUR in Persia. By a Returned Mission- 
A R Y. With beautiAil Ulustrations and a Map of the Nestorian Country. 12mo, 
cloth, 1.25. 

LIGHT IN DARKNESS f or, Christ Discerned in his True Character by a 
Unitarian. 16mo, cloth, 90 cts. 

I.IMITS OF RELIGIOVS THOUGHT EXAMINED, in Eight Leo- 
ttires, delivered in the Oxford University Pulpit, in the year 1858, on the 
** Bampton Foundation.'' By Reu. 11. Lonoueville Mansel, B. D., Ifeader 
in Moral and Metaphysical Philosophy at Magdalen College, Oxford, and Editor 
of Sir WiUUm Hamilton's Lectures. With Copious Notes translated for 
tlic American edition. 12mo, dothy 1.50. 

THE CRUCIBLE i or, Tests of a Regenerate State ; designed to bring to 
light suppressed hopes, expose fldse ones, and confirm the true. By Rev. J. A. 
Goodhue, A. M. With an introduction by Rev. £. N. Kibk, D. D. 12mo, 
cloth, IJSO. 

SATAN'S DEVICES AND THE BELIEVER'S VICTORY. By 

Rev. WiLLUX L. Pabsojts, D.D. 12mo, doth, 1.50. 
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CB UnEN'S COK'DEN8BJ> COKCOH'DANCB. A Complete ConoordaiiM 
to the Holy Scriptures. By Alexakdeb Crudkx . Revised and re-edited by 
tlic Kev. David Kino, LL. D. Octavo, cloth arabesque, 1.75 ; sheep, 2.00. 

The condenMUion of the quolBdoiis of Scriptura, •nrnnfed under the moii olrrioiu heads, whUe 
It thmtMUihet the tmik of the work, oreatlf /aeilitafea the flndiAg of anj required paange. 
** We have in thb edition of Cruden the UU made better^— Pmntam Recorder. 

EAniE'a AXAZTTICAZ COXCORDANCE OE THE HOZT 
SCIilPTVJiES : or, tlie Bible presented ander Distinct and Classified 
Heads or Topics. By John Eadib, D. D., LL. D., Author of ** Biblical Cyclo- 
pedia,*' '* Ecclesiastical Cydopsdia,** *' Dictionary of the Bible," etc One vol- 
ume, octavo, &I0 pp., cloth, 4.00 -, sheep, 6.00 ; doth, gilt, 5JK> ; half calf, 6.50. 

Theol^ectof thiaCoQCordance it to preeent the ScKirruBBS bvtikb, under eartaia cl aeri ied 
and exhaustive heads. It differs IVom an ordinary Conooidanoe, In that Us afranfemant depends 
Boton woBDs, but on sdbjbcts, and the rerses ore j>rtalc<( m /ktt. 

KITTO'S rOEULAB CTCJLOEJEDIA OE BIBZICAZ ZITEBA- 
TUBE. Condensed from the larger work. By the Author, John Kittd, 
D. D. Assisted by James Taylor, D. D., of GUugow. With over five hnn- 
dred Illustrations. One volume, octavo, 812 pp., doth, 4.00 ; sheep, 5.00 ; half 
calf, 7.00. 

A DicTiovABr or tub Biblb. Serrtnf also as a Commbbtabv, embodjing tb» p so d a ets of 
the bcft and most recent researehes In biblical Uteratara In which Ilia scholar* of Eiu opa sad 
America liave been engaged. 

KITTO'S HiSTOBT OF EAZESTIXE, fW>mthe Patriarchal Ag« to the 
Present Time ; with Chapters on the Geography and Natural History of the 
Country, the Customs and Institutions of the Hebrews. By John KriTO, 
D. D. With upwards of two liundred Illustrations. ]2mo, cloth, 1.75. 

•V- A work adniirabljr adapted to the FanUIj, the Sabbath School, and the week-day flehool Li- 
brary 

WESTCOTT'S INTBOBUCTIOy TO THE STUBT OF THE 008^ 
PELS. With HisTOKicAL AND Explanatory Notes. ByBsooRE Foss 
Westcott, M. A., Lite Fellow of Trinity College, Cambridge. With an Intro- 
duction by l*rof. H. B. Hackett, D. D. Boyal 12mo, doth, 2U)0. 

SET* A masterly work by a master mind. 

EZLICOTT'S ZJFE OF CHRIST HISTOBICAZZT COKSLD- 
ERED, The Huisean Lectui-cs fur 1859. with Notes Critical, Historical, and 
Explanatory. By C. J. Ellicott, B. D Royal 12mo, doth, 1.75. 
a^ Admirable in spirit, and profound in arvumcnt. 

BAWLINSON'S HISTORICAL EVIDENCES OE THE TRUTH 
OF THE SCRIFTUllE RECORBS, 8TATEB ANEW, with Sin'oi..! 
reference to the Doubts and Discoveries of Modern Times. In Eight Lectures, 
delivered in the Oxford University pulpit, at tlic Bampton Lecture for 1J>59. Uy 
Gico. Uawlinson, 31. A., Editor of the Histories of Herodotus. With the Co- 
pious Notes translated for the American editkm by an accomplished scholar. 
12mo, cloth, 1.75. 

**'11m consummate learning, Jud<nnent. and general ability, displayed by Mr. Bawliason In his 
edition of llerodotus, are exhibited in this work also.** — ^'orf A-^meHcon. 
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MACKJSTT'S COM3IENTART ON THE OniGIKAL TEXT OJP 
THE ACTS OF THE APOSTLES, By HOHATIO B HAckETT, D. D., 
Prof, of Biblical Literature aiid Tntcrpretatlon In the Newton Thcol. Institute. 
{^ A new, revUed, and enlarged edition. Itoyal octavo, cloth, 3.00. 

ay Thif most important and Tery popular worlc hat been thoroughly rcrlicU t larj^c portioni 
entire!/ rc-vritten, vith the addition of »ioi*e than one humtrcd pas/rt of new ntaiier : the rc^ilt 
of the author** continued inTcttigationt and travclji since the publication of the first edition. 

MACKETT'S JLZrsTBATIOXS OT 8CJIITTVRE, Suggested by a 
Tour through the IToly T^nd. With numerous Illustrationfl. A new, Improred, 
and Enlarged edition. By II. B. Hackett, D. D., Prof of Biblical Literature 
in the Newton Theol. Intttltution. 12nio, cloth, 1.50. 

Fine Edition, Tinted Paper. Square 8vo, cloth, red edges, 2JK); cloth, gilt, 
3.50 , half calf, 5.00 ; fhll Turkey mor., 7.50. 

Prof, llaclcctt's accuracy Is proverbiaL We can rely on his statements with confidence, vhlch Is 
In Itself a ploasuie. Ue knows and apprecbtes the wants of readers; explsins the texts which need 
•zplanation; giTes lite-like pictures, and charms while he instrncts. ~>iy. 1' Observer. 

MUSIC or THE BIBLE ; or, Exphmatory Noten upon all the passages of 
the Sacred Scriptures relating to Music. With a brief Essay on Hebrew Poetry. 
By Enocu llUTciiiNSON. With numerous Illustrations. Royal octavo, 3.25. 

This book Is altogether a unique production, and will ba found of interest not only to Biblical 
■cholars and clergymen generally, but also to Sabbath-scbool tcaciiers, musicians, and the family 
circle. It in illustrated with numerous engravings. 

MALCOM'S NE IT BIBLE DICTIONARY of the most important Names, 
Objects, and Terms found in the Holy Scriptures; Intended principally for 
Sabbath- School Teachers and Bible Classes. By Howard 3Ialcom, D. D., late 
President of Lewisburg University, Pa. IGmo, cloth, 1.00. 

•7* The former Dictionary, of which more than one humdred thotuaml ecpiea were sold, is made 
the basu of the present work. 

I'ATTISON'S COMMENTARY ON THE EPISTLE TO THE 
EFHESIANS, Explanatory, Doctrinal, and Practical. WlUi a Series of 
Questions. By Robert Vj, Pattison, I>. D., late President of Waterville 
College. 12mo, cloth, 1J25. 

RIPLEY'S NOTES ON THE GOSPELS. Designed for Teachers in 
Sabbath Schools and Bible Classes, and as an Aid to Family Instruction. 
By Henry J. Ripley, Prof. In Newton Theol. Inst. With Hup of Canaan. 
Cloth, embossed, 1.75. 

RIPLEY'S NOTES ON THE ACTS OF THE APOSTLES, With 
a beautifbl Map, illustrating the Travels of the Apostle Paul, with a track of 
hit Voyage f^om Cesarea to Rome. By I^rof. Henry J. Ripley, D. D. ISmo. 
cloth, embossed, 1.25. 

J: IP LEY'S NOTES ON THE EPISTLE OF PAVL TO THE 
nOMANS. Designed for Teadiers in Sabbatli Sdiools and Bible Chisses, 
and as an Aid to Family Instruction. By Henry J. Ripley. 12mo, cloth, 
embossed, 00 cts. 

The above works by ProC BIpley should be in the hands of erery student of the Bible, especially 
eveiy 8abbath-school and Bibl*<lss3 teacher. They eoatela Jaat the kind of lafiKBuUion waatad. 
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THB YOUTH'S HOMiS IiIBBABT 

Of JBntertaininff and Instnuftive Reading for the Young, by variou* 

popular Authora, 

Seven Volumes, Price 7,00, 

AGNES 'HOPETOUK'S SCHOOLS AX JO HOLXl>ATS. By the Aa- 

thor of ** Margaret Hoitlaud.^ lOmo, cloth, 1.00. 

ffr*"Atale of czquUlte beauty, leaching Um wiMst l««M>ni wlthoal morailslnf." — Wmtekamm 
am J R^tctor. 

THE AMERICAN STATESMAN f or, lUtutrations of the Life and Cliar- 
octer of Daniel Webstkk: for the Kntertainment and Instruction of Amer* 
Icnn Youth. By Joseph Banvard, author of "Series of American UUto- 
rlcti." With numerous Illustrations. lOmo, cloth, 1.00. 

THE OOOJO OIRTj AND TRUE WOMAN f or, Elements of Womaa^s 
Succi'.i^, drawn from the Life ok Mary Lyon aud other similar characters 
A Book for Girliv. By Wm. M. Thayer. IGmo, cloth, 1.00. 

2' HE ISLAND HOME ; or, The Young Castaways. By Christopher 
RoMAUNT, K!4(|. With Elegant Illustrations. IGmo, cloth, 1.00. 

PLEASANT PAGES FOR YOUNG PEOPLE,' or. Book of Home Ed- 
uc:ition and Entertainment. By S. Prout Xewcombe. With numerous Illus- 
trations. lOmo, cloth, 1.00. 

THE POOR nor AND MERCHANT PRINCE f or, Elements of Sue- 
cejiN, drawn from the LiFK ANii Character of the late Amos Lawrence 
and otlier simihir cliaracters. By William M. Thayer. 16mo, cloth, gilt 
back, 1.00. 

" One of the best booki for boyt which ve here met fbr yean.** — Chicago Berald. 

YOUNG AMERICANS ABROAD; or, Vacation In Earope: tlie Revnlts 
of a Tour tliroogh Great Britain, France, Holland, Belgium, Germany, and Swit- 
zerland. By John Ovkuton Choules, D. D., and hla Pupils. With elegant 
Illustrations. IGmo, cloth, 1.00 

nor" The ebove aercn Tolumee are bound In uniform style, and put up In an elcfsnt, aubetaaOal 
box, forming one of the most in/cmtf tJiy a«fl ijurtmc/ire Ubrant* for children and youth to be fouud. 
They are alio told separately — being entirely independent of each other— at the prieee afllxed. 

CHAMBEHb' HOME BOOK, or POCKET MISCEIiLAinr ; 

Containinff a Choice Selertton of IntrrenHng and Instructive Reading 

for Young or \}l<l. 

Six volumes. irUh lUustratetl TUlc. IGmo, cloth, gilt back, G.OO 

ThU is one of the most Interesting and cntcrtalnln;inf all the Ciiambbks* popular works. 



THIC GUIDING STAR ; or, Tlic Bible God's Message. By LouiSA Payson 
Hopkins. With a Frontispiece. IGmo, cloth, 67 cts. 

O^ An exceedingly Interesllag and InaCnictlve work Ibr yoath on the eTldenees of ChriallanUy. 

94, 



(^otxlui anir pnx0ln s "^nhlitvdusm. 



THE GRET80X ZBTTEJtS, Sel«ctl«iit from the Coirespondencc of R. 
£. H. Greysox, Esq. Edited by Uioxur UoQZttB, author of ** The Eclixwe of 
Faith." 12mo, cloth, 1.75. 

** The Letters are intcllectnal genu, ndUmt with beauty, lux>pU7 intennlnfUng the ffTmre and the 
gay." — CArutuM (XMcrver. 

MASSON'S BEITISH JTOVEZISTS ANH TUEIR STYLES, Being 
a Critical Sketch of the History of Dritish Prose Fiction. By Da\id Massox, 
M. A., Author of " The Life and Times of John Milton," &c, &c. lOmo, 
cloth, 1 76. 

HISTORY OF CHURCH MUSIC IJT AMERICA. Treating of its pe 
culiaritics at dUTercnt ])erlodfl; its legitimate use and its abuse; with Critl 
cisms, Cursory Remarks, and Notices, relating to Composers, Teachers, Schools, 
Cliolrs, Societies, Conventions, Books* &c. By Natuanisl D. Gould, authoi 
of "^^ocial Harmony,'' ** Church Harmony," ** Sacred MlnstreV &c. 12mo, 
cloth, 1.00. 

THE CAPTIVE IN PATAOOXIAf or, Life among the Giants. A Per- 
fonal Narrative. By Benjamin Franklin Boubnk. With lUnstrationa, 
12mo, doth, 1.25. 
A work of thiUUng Interest, aa well •• of laitrvetleB, to aU rlawee of i 



THE CRUISE OF THE NORTH STARf A Karxatlye of the Szeor- 
sion made by Mr. Yanderbilt*s Party in the Steam Tacht, in her Yoyage to 
England, Russia, Denmark, France, Spain, Italy, Malta, Turkey, Madeira, Ac, 
&c By Rev. John Overton CuouLES, D. D. With elegant lilustrations, &e. 
12mo, cloth, gilt back and sides, 2.50. 

AMBBIOAir HI8TOBIB8, B7 J08BFH BANVABD. 

Four Volmmet, Price $3.00. 

PLYMOUTH ANI> THE PILGRIMS f or, Incidents and Adventures in 
the History of the flrst Settlers. With Illnstratlons. Ita&o, doth, 90 cts. 

NOVELTIES or THE NEW WORLI>. An Account of the Adventures 
and Discoveries of the Explorers of North America. With numerous Ulustrar 
tions. IGmo, doth, 00 cts. 

ROMANCE OF AMERICAN HISTORY; or, An Account of the Early 
Settlement of North Carolina and Virginia; embradng Inddents connected 
with the Spanish Settlements, the French Colonies, and the English Planta* 
tlon, etc With Ulustrations. lOmo, doth, 90 cts. 

TRAGIC SCENES IN THE HISTORY OF MARYLAND ANI> 
THE OLI> FRENCH WAR, with an account of various interesting con- 
temporaneous events which occurred in the early aettlement of America. With 
numerous elegant Illustrations. lOmo, doth, 90 cts. 

{^ The above four volumes are bound in uniform style, and put up in a neat, 
substantial box, price 3.00. 

■Er*E>a» volume Is complete ia llaeU;aad yet together tlnsy ftou a zcfolsr series of . 
BMorUs. 



GOULD AND LINCOLN, 

60 WA8HIHGT0S STREET, B0STO5, 

Would caU pftTtirulnr allcntlon lo lh« folluTriiig vnlaat)Io works dcscrfbed 

in llicir CatiiJoSDo of Publicaiions, vii. : 
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